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BIARYL IMIDAZOLE DERIVATIVES FOR
REGULATING CYP17

BACKGROUND

Prostate cancer is the most common malignancy for older
men and is a major cause of death for that population. Until
recently, it was believed that reduction of testosterone was a
key component in treating patients diagnosed with prostate
cancer. However, a large number of patients having prostate
cancer do not respond to reduction of testosterone levels
instigated by luteinizing hormone releasing hormone
(LHRH) agonists and were thereby dubbed as having “hor-
mone resistant” cancer. Only half of these patients having
“hormone-resistant” prostate cancer respond to hormonal
treatments.

It is currently recognized that LHRH agonists or antago-
nists do not completely reduce circulating testosterone levels
due to sources other than the testes that can synthesize test-
osterone, including the adrenal gland and the prostate tumors
themselves. The cytochrome P450 (CYP) enzymes include a
large family of highly conserved enzymes, including CYP17,
that are involved in the synthesis of cholesterol and other
bioactive steroids. The fact that these enzymes are involved in
steroid hormone biosynthesis has led to recent findings that
castration-resistant prostate cancer in men and certain breast
cancers in women are responsive to CYP17 inhibition.

CYP17 is a key enzyme in the production of androgenic
steroids in many tissues, including prostate tumors, and cata-
lyzes the 17a-hydroxylase reaction and C17,20-lyase reac-
tion of both progesterone and pregnenolone. Inhibition of
CYP17 results in reducing the levels of dehydroepiandros-
tenedione (DHEA) and androstenedione, which are weak
androgens and precursors that are subsequently converted to
testosterone and dihydrotestosterone by other enzymes.

Designing inhibitors of CYP17 is problematic for several
reasons. First, there is limited information regarding the
structure of this enzyme. Second, human CYP17 is not avail-
able from natural sources, thereby requiring its recombinant
generation.

Ketoconazole has been used to inhibit CYP17, but is not
very potent and is non-selective since it inhibits other CYP
enzymes. Other CYP17 inhibitors have beenreported, and the
steroidal CYP17 inhibitor Zytiga™ (abiraterone acetate) was
recently approved by the U.S. Food and Drug Administration
(FDA) for use in combination with prednisone for the treat-
ment of patients with metastatic castration-resistant prostate
cancer (CRPC) who have received prior chemotherapy con-
taining docetaxel. Most CYP17 inhibitors, however, includ-
ing both steroidal compounds such as abiraterone and non-
steroidal compounds, have limited selectivity for CYP17,
short in vivo half-lives, and/or poor bioavailability.

What is needed are alternative medications for treating
prostate and other cancers that function by inhibiting CYP17.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a compound
of formula (I), wherein A, B and R* are defined herein.
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In another aspect, the invention provides a pharmaceutical
composition containing a compound of formula (I) and a
pharmaceutically acceptable carrier.

In a further aspect, the invention provides a method for
regulating CYP17 by administering a therapeutically effec-
tive amount of a compound of formula (I) to a patient in need
thereof.

In another aspect, the invention provides a method for
inhibiting CYP17 activity by administering a therapeutically
effective amount of a compound of formula (I) to a patient in
need thereof.

In yet another aspect, methods for treating conditions treat-
able by inhibiting CYP17 activity are provided and include
administering a compound of formula (I) to a patient in need
thereof.

In a further aspect, methods for treating cancer, such as
prostate cancer, are provided and include administering a
compound of formula (I) to a patient in need thereof.

In a still further aspect, methods for reducing testosterone
production in a patient by administering a therapeutically
effective amount of a compound of formula (I) to a patient in
need thereof.

Other aspects and advantages of the invention will be
readily apparent from the following detailed description of
the invention.

DETAILED DESCRIPTION OF THE INVENTION

The invention provides compounds and pharmaceutical
composition thereof, which are useful for regulating CYP17
activity and are, therefore, capable of treating conditions
associated with abnormal cell proliferation. Specifically, the
inventors found that it was the linking of the imidazole ring to
a phenyl-heteroaryl or bi-heteroaryl group via a methylene
fragment which provided compounds that selectively inhibit
CYP17.

The compounds discussed herein are encompassed by the
following structure of formula (I):

@
RZ

In this structure, A is an optionally substituted phenyl or

5 optionally substituted heteroaryl.

i. In one embodiment, A is of the structure:

R3
R4
R’ R’

RS
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R?, R* R’, R® and R’ are, independently, selected from
among H, halogen, OH, CN, optionally substituted C, to
Csalkyl, C, to Cgalkoxy, amino, (C, to C, alkyl)-NH—,
(C, to C, alkyl),N—, HCH,NC(O)—, (C, to C, alkyl)-
NHC(0O)—, (C, to C, alkyl), NC(O)—, HC(O)NH—,
(C, to C, alky])-C(O)NH—COOH, C, to Cq alkylsulfo-
nyland —C(O)O(C, to C, alkyl), with the proviso that 3,
4 or 50of R R* R® RS and R” are hydrogen.

. In a further embodiment, A is the structure noted ini. and
R?-R” are independently selected from among H, OH, F,
Cl, CN, C, to C, alkyl, C, to C, alkoxy, amino, methy-
lamino, dimethylamino, H,NC(O)—, CH;NHC(O)—,
(CH,),NC(O)—, HC(O)NH—, CH,C(O)NH—,
COOH, methyl-sulfonyl and —C(O)O(C, to C, alkyl);
with the proviso that 3, 4 or 5 of R>, R*, R>, R® and R” are
hydrogen

iii. In another embodiment, A is of the following structure

and R? is defined above:

=

i

RS

iv. In a further embodiment, A is of the following structure
and R?, R* and R® are defined above:

R4

R’ R’

v. In still another embodiment, A is optionally substituted
pyridine.

vi. In yet a further embodiment, wherein A is of the fol-
lowing structure:

RS RS
® N NN
> N or
N / RIZ RIO /N
Rll Rll
RS
R N
RIO N/ RIZ

In these structures, R®, R, R'°, R'!, and R'? are, indepen-
dently, selected from among H, halogen, OH, CN,
optionally substituted C, to C; alkyl, C, to C alkoxy,
H,NC(O)—, (C, to C, alkyl)-NHC(O)—, (C, to C,
alkyl), NC(O)—, HC(O)NH—, (C, to C, alky])-C(O)
NH—, COOH, C, to C4 alkylsulfonyl and —C(O)O(C,
to C, alkyl). 2, 3 or 4 of R®, R®, R'°, R!!, and R'? are
hydrogen.
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vii. In another embodiment, A is of the following structure
and R*° is defined in option v:

RI0 N

viii. In still a further embodiment, A is optionally substi-
tuted pyridone.

ix. In yet another embodiment, A is of the following struc-
ture:

RS
R9
/
0 lel RI2
Rl 1

In this structure, R®, R®, R'!, and R'? are, independently,
selected from among H, halogen, OH, CN, optionally
substituted C, to C4 alkyl, C, to Cg alkoxy, H,NC(O)—,
(C, to C, alkyl)-NHC(O)—, (C, to C, alkyl), NC(O)—,
HC(O)NH—, (C, to C, alkyl)-C(O)NH—, COOH, C, to
C; alkylsulfonyl and —C(O)O(C, to C, alkyl).

X. In still another embodiment, A is of the following struc-
ture and R*! is defined above:

xi. In yet a further embodiment, A is of the structure in
option xi and R*! is C, to C, alkyl.

xii. In another embodiment, A is of the following structure:

In this structure, R'* and R'* are, independently, selected
from among H, halogen, OH, CN, optionally substituted
C, to C; alkyl, C, to C alkoxy, H,NC(O)—, (C, to C,
alkyl)-NHC(O)—, (C, to C, alkyl), NC(O)—, HC(O)
NH—, (C, to C, alky)-C(O)NH—, COOH, C, to Cq
alkylsulfonyl and —C(O)O(C, to C, alkyl); and R** is H
or C, to Cg4 alkyl.
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xiii. In still another embodiment, A is of the following
structure and R'* is defined above:

w

xiv. In a further embodiment, A is of the structure in option
xii and R'® is H.

xv. In yet another embodiment, A is pyridine, 2-pyridone,
furan, or pyrazole, substituted on the ring carbon atoms
with 0 to 2 groups independently selected from CH;,
CH,0, CF;, F, Cl, and CN; and substituted on the nitro-
gen atom in 2-pyridone and pyrazole with Hor C, to C,

alkyl.

xvi. In still a further embodiment, A is

= Z
| s , or O / .
x x>
N CH;0 N

xvii. In another embodiment, A is 2-pyridone or pyrazole
and is substituted on the nitrogenatom with Hor C, to C,,
alkyl.

xviil. In yet another embodiment, A is

—_
w

35
0 N 0 lel 0 N 0
)\ CHs
N=— N=—
{ o, o
cuy 7 A 45

In the compound of formula (I), B is optionally substituted
heteroaryl.

a. In one embodiment, B is thiazole, thiophene, pyridine, 50
furan, or thiadiazole.
b. In another embodiment, B is
}i% rﬂ@“’ ﬂw )
S ’ S ’ 0] ’
= = 7
SOy
\ ¥ s \N s \N , and
N~ N\>“'—‘4
ﬁ-“’”\s ' 65
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¢. In a further embodiment, B is:

JO D K

d. In yet another embodiment, R* is Hor C, to C,, alkyl;
R?is C, to C, alkyl; and B is

R! is H or optionally substituted C, to C, alkyl. R? is
optionally substituted C, to C alkyl. In one embodiment, R*
is Hor C, to C, alkyl; and R? is C, to C, alkyl.

In one aspect, A is of the structure:

R3

R

R’ R’

RS

R?, R* R’ R® and R7 are independently selected from
among H, OH, F, CI, CN, C, to C, alkyl, C, to C, alkoxy,
amino, methylamino, dimethylamino, H,NC(O)—,
CH,NHC(O)—, (CH;),NC(O)—, HC(O)NH—, CH,C(O)
NH—, COOH, methyl-sulfonyl and —C(O)YO(C, to C,
alkyl); R' is H or C, to C, alkyl; and R*is C, to C, alkyl.

In another aspect, A is of the structure:

R3

R

R’ R’

RS

R? R* R* RS and R’ are independently selected from among
H, OH, F, Cl, CN, C, to C, alkyl, C, to C, alkoxy, amino,
methylamino, dimethylamino, H,NC(O)—, CH,;NHC(O)—,
(CH,),NC(0)—, HC(O)NH—, CH,C(O)NH—, COOH,
methyl-sulfonyl and —C(O)O(C, to C, alkyl); R*is H or C,
to C, alkyl; R* is C, to C, alkyl; and B is

N 7
D O T

One of skill in the art would readily be able to select the A,
B, R, and R? groups with the knowledge that stable chemical
bonds must be formed. Specifically, one of skill in the art
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would readily understand which chemical bonds could/could
not be formed and how to tailor the reactions in view thereof.
The term “stable” as used in this context, refers to a resultant
molecule that can be prepared and isolated without degrada-
tion.

Some compounds within the present invention possess one
or more chiral centers, and the present invention includes
each separate enantiomer of such compounds as well as mix-
tures of the enantiomers. Where multiple chiral centers exist
in compounds of the present invention, the invention includes
each possible combination of chiral centers within a com-
pound, as well as all possible enantiomeric and diastereo-
meric mixtures thereof. All chiral, diastereomeric, and race-
mic forms of a structure are intended, unless the specific
stereochemistry or isomeric form is specifically indicated. It
is well known in the art how to prepare optically active forms,
such as by resolution of racemic forms or by synthesis from
optically active starting materials.

The following definitions are used in connection with the
compounds of the present invention unless the context indi-
cates otherwise. In general, the number of carbon atoms
present in a given group is designated “C,-C,”, where x and y
are the lower and upper limits, respectively. For example, a
group designated as “C,-C4” contains from 1 to 6 carbon
atoms. The carbon number as used in the definitions herein
refers to carbon backbone and carbon branching, but does not
include carbon atoms of the substituents, such as alkoxy
substitutions and the like. Unless indicated otherwise, the
nomenclature of substituents that are not explicitly defined
herein are arrived at by naming from left to right the terminal
portion of the functionality followed by the adjacent func-
tionality toward the point of attachment. The structures that
are represented here are drawn without any stereochemical
indication. It is implied that when a chiral center is present in
a molecule, it represent both enantiomers. Terms not defined
herein have the meaning commonly attributed to them by
those skilled in the art.

“Alkyl” refers to a hydrocarbon chain that may be straight
or branched, or to a hydrocarbon group that consists of or
contains a cyclic alkyl radical. In one embodiment, an alkyl
contains 1 to 8 (inclusive) carbon atoms or integers or ranges
there between. In another embodiment, an alkyl contains 1 to
7 (inclusive) carbon atoms or ranges there between. In a
further embodiment, an alkyl contains 1 to 6 (inclusive) car-
bon atoms. In yet another embodiment, an alkyl contains 1 to
5 (inclusive) carbon atoms. In still a further embodiment, an
alkyl contains 1 to 4 (inclusive) carbon atoms. Examples of
alkyl groups that are hydrocarbon chains include, but are not
limited to, methyl, ethyl, propyl, butyl, pentyl, hexyl, and
heptyl, where all isomers of these examples are contem-
plated. Examples of alkyl groups that consist of or contain a
cyclic alkyl radical include, but are not limited to, cyclopro-
pyl, cyclobutyl, cyclopentyl, 3,3-dimethylcyclobutyl, (cyclo-
propylmethyl, and (cyclopentyl)methyl.

“Optionally substituted alkyl” refers to an alkyl group, as
defined above, that is unsubstituted or substituted with one or
more F, one or two Cl, one or two OH, one amino group, one
(alkyl)amino group (i.e., alkyl-NH—), one (dialkyl)amino
group (i.e., (alkyl),N—), one or two alkoxy groups, or one
cyano group, or any combination of these substituents. “Sub-
stituted” means that one or more of the alkyl group’s hydro-
gen atoms is replaced with a substituent group as listed above.

“Alkoxy” refers to the group R—O— where R is an alkyl
group, as defined above. Exemplary C,-C, alkoxy groups
include but are not limited to methoxy, ethoxy, n-propoxy,
i-propoxy, n-butoxy and t-butoxy.
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“(Alkoxy)carbonyl-” refers to the group alkyl-O—C
(O)—. Exemplary (C,-C, alkoxy)carbonyl groups include,
but are not limited to, methoxy, ethoxy, n-propoxy, 1-pro-
poxy, n-butoxy and t-butoxy.

“(Alkyl)amido-" refers to the group —C(O)NH-alkyl.
Representative examples of (C,-C, alkyl)amido include, but
are not limited to, —C(O)NHCH,, —C(O)NHCH,CH,,

—C(O)NHCH,CH,CH,,  —C(O)NHCH,CH,CH,CH,,
—C(O)NHCH,CH,CH,CH,CH,, —C(O)NHCH(CH,),,
—C(O)NHCH,CH(CH,),, —C(O)NHCH(CH,)CH,CH,,

—C(O)NH—C(CH,); and —C(O)NHCH,C(CH,)5.

“Di(alkyl)amido-" refers to a —C(O)—N group in which
the nitrogen atom of the group is attached, independently, to
alkyl groups, as defined above. Each alkyl group can be
independently selected. Representative examples of (C,-Cgq
alkyl), amido include, but are not limited to,
—C(O)N(CHs;)s, —C(O)N(CH,CHs;),, —C(O)N
(CH,CH,CH,),, —C(O)N(CH,CH,CH,CH,),, —C(O)N
(CH,CH,CH,CH,CH,),, —C(O)N(CH;)(CH,CH,), and
—C(O)N(CH,CH;)(CH,CH,CH,).

“Alkylsulfonyl” refers to an alkyl-S(O),— group. Repre-
sentative examples of (C, -C, alkyl)sulfonyl group are, but are
not limited to, CH,S(O),— and CH,CH,S(0),—.

“(Alkyl)amino-" refers to an alkyl-NH— group. Represen-
tative examples of (C,-C,4 alkyl)amino group are, but are not
limited to, CH;NH—, CH,CH,NH—, CH,CH,CH,NH—,

CH,CH,CH,CH,NH—, (CH,),CHNH—,
(CH,),CHCH,NH—,  CH,CH,CH(CH,NH—  and
(CH,),CNH—.

“(Dialkyl)amino-" refers to an (alkyl),N— group, wherein
the two alkyl groups are independently selected. Representa-
tive examples of di(C,-C, alkyl)amino include, but are not
limited to (CH;),N—, (CH,CH,),N—, (CH,CH,CH,),N—,
(CH,)(CH,CH;),N—,  (CH,)(CH,CH,CH;)N—,  and
(CH,CH,)(CH,CH,CH;)N—.

“Alkylcarboxy-" refers to an alkyl group, defined above
that is attached to the parent structure through the carbon
atom of a carboxy (C(O)—O—) functionality. Examples of
(C,-C; alkyl)carboxy include acetoxy, propionoxy, propyl-
carboxy, and isopentylcarboxy.

“(Alkylcarboxamido-" refers to a —NHC(O)-alkyl-
group in which the carbonyl carbon atoms of the group is
attached to an alkyl group. Representative examples of (C, -
C, alkyl)carboxamido include, but are not limited to, —NHC

(O)CH,, N(CH,)C(O)CH;, —N(CH,)C(O)CH,CH,,
—N(CH,)C(0)CH,CH,CH,, —N(CH,)C(0)
CH,CH,CH,CH,, —N(CH,CH,)C(0)
CH,CH,CH,CH,CH,,  —N(CH,CH,)C(O)CH(CH,),.
—N(CH,CH,)C(0)CH,CH(CH,),, —N(CH,CH,)C(O)CH
(CH,)CH,CHS,, and —N(CH,CH,)C(O)C(CHS,)s.

“Optionally substituted phenyl” refers to a phenyl group
that can be unsubstituted or substituted with one or more of
optionally substituted alkyl, halogen, OH, NH,, alkylamino-,
di(alkyl)amino-, cyano, COOH, (alkoxy)carbonyl-, alkylcar-
boxy-, (alkyl)carboxamido-, alkylsulfonyl, —C(O)NH,,
(alkyl)amido-, di(alkyl)amido-, NO,, or alkoxy.

“Halo” or “halogen” refers to F, Cl, Br and 1.

“Heteroaryl” refers to a monocyclic 5-membered or
6-membered aromatic ring system containing at least one ring
atom selected from the heteroatoms oxygen, sulfur and nitro-
gen. Examples of heteroaryl groups include furan, thiophene,
indole, azaindole, oxazole, thiazole, isoxazole, isothiazole,
imidazole, N-methylimidazole, pyridine, pyrimidine, pyra-
zine, pyrrole, N-methylpyrrole, pyrazole, N-methylpyrazole,
1,3,4-oxadiazole, 1,2.4-triazole, 1-methyl-1,2,4-triazole,
1H-tetrazole, 1-methyltetrazole, and pyridone, including
2-pyridone.
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“Optionally substituted heteroaryl” refers to a heteroaryl
group, as defined above, that is unsubstituted or substituted
with one or more of optionally substituted alkyl, F, Cl, OH,
NH,, alkylamino-, di(alkyl)amino-, cyano, COOH, (alkoxy)
carbonyl-, alkylcarboxy-, (alkyl)carboxamido-, alkylsulfo-
nyl, —C(O)NH,, (alkyl)amido-, di(alkyl)amido-, NO,, or
alkoxy.

A “subject” is a mammal, e.g., a human, mouse, rat, guinea
pig, dog, cat, horse, cow, pig, or non-human primate, such as
a monkey, chimpanzee, baboon or gorilla.

Representative  “pharmaceutically acceptable salts”
include but are not limited to, e.g., water-soluble and water-
insoluble salts, including salts of acids. Examples of acids
which can form salts with the compounds discussed herein
include, without limitation, acetic, propionic, lactic, citric,
tartaric, succinic, fumaric, maleic, malonic, mandelic, malic,
phthalic, hydrochloric, hydrobromic, phosphoric, nitric, sul-
furic, methanesulfonic, napthalenesulfonic, benzenesulfonic,
toluenesulfonic, trifluoroacetic, and camphorsulfonic.

In a further embodiment, a compound of the invention may
be a solvate. As used herein, a solvate does not significantly
alter the physiological activity or toxicity of the compounds,
and as such may function as pharmacological equivalents to
non-solvate compounds of the invention. The term “solvate”
as used herein is a combination, physical association and/or
solvation of a compound of the present invention with a
solvent molecule. This physical association involves varying
degrees of ionic and covalent bonding, including hydrogen
bonding. In certain instances, the solvate can be isolated, such
as when one or more solvent molecules are incorporated into
the crystal lattice of a crystalline solid. Thus, “solvate”
encompasses both solution-phase and isolatable solvates.

Some compounds within the present invention possess one
or more chiral centers, and the present invention includes
each separate enantiomer of such compounds as well as mix-
tures of the enantiomers. Where multiple chiral centers exist
in compounds of the present invention, the invention includes
each possible combination of chiral centers within a com-
pound, as well as all possible enantiomeric mixtures thereof.
All chiral, diastereomeric, and racemic forms of a structure
are intended, unless the specific stereochemistry or isomeric
form is specifically indicated. It is well known in the art how
to prepare optically active forms, such as by resolution of
racemic forms or by synthesis from optically active starting
materials.

The words “comprise”, “comprises”, and “comprising” are
to be interpreted inclusively rather than exclusively. The
works “consist”, “consisting”, and its variants, are to be inter-
preted exclusively, rather than inclusively.

As used herein, the term “about” means a variability of
10% from the reference given, unless otherwise specified.
Processes for Preparing the Compounds

Methods useful for making the compounds of formula (I)
are set forth in the Examples below and generalized in the
schemes. One of skill in the art will recognize that the
schemes can be adapted to produce the other compounds of
formula (I) and pharmaceutically acceptable salts of com-
pounds of formula (I).

In the following reactions described to prepare compounds
described herein, it can be necessary to protect reactive func-
tional groups, for example OH, amino, imino, thio or carboxy
groups, where these are desired in the final product, to avoid
their unwanted participation in the reactions. Conventional
protecting groups can be used in accordance with standard
practices, for example, see T. W. Green and P. G. M. Wuts in
“Protective Groups in Organic Chemistry”, John Wiley &
Sons, 1991.
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The following methods outline the synthesis of the com-
pounds of formula (I). The following examples are presented
to illustrate certain embodiments of the present invention, but
should notbe construed as limiting the scope of the invention.

In the following reactions described to prepare compounds
of'this invention, it can be necessary to protect reactive func-
tional groups, for example hydroxyl, amino, imino, thio or
carboxy groups, where these are desired in the final product,
to avoid their unwanted participation in the reactions. Con-
ventional protecting groups can be used in accordance with
standard practices, for example, see T. W. Green and P. G. M.
Wuts in “Protective Groups in Organic Chemistry”, John
Wiley &Sons, 1991.

The following methods outline the synthesis of the com-
pounds of Formula I. The following examples are presented
to illustrate certain embodiments of the present invention, but
should notbe construed as limiting the scope of the invention.

Scheme 1

) )
N U .
T R! A—B R!
[B] [C]

OR,
/
A—B
OR,
(A]

Rz R!

A—B OH —> A—B

@

Scheme 1 depicts one synthesis method to prepare com-
pounds of formula (I). Specifically, a boronic acid or boronate
ester is first coupled to a heteroaryl halide. In one embodi-
ment, the boronic acid is compound [A] when R =H. In
another embodiment, the boronate ester is compound [A]
when R, =alkyl. In still another embodiment, the boronate
ester is a boronic acid pinacol ester. In a further embodiment,
the heteroaryl halide is compound [B]. This reaction may be
performed in the presence of a weak base, a palladium cata-
lyst, in a solvent. One of'skill in the art would be able to select
a suitable weak base, palladium catalyst, and solvent for use
in this reaction. In one embodiment, the weak base is KOAc
or Na,CO;. In another embodiment, the palladium catalyst is
Pd(PPh,),, Pd(dppH)Cl, DCM or Pd(dppf)Cl,. In a further
embodiment, the solvent is toluene/ethanol, 1,4-dioxane,
DMTF, or mixtures thereof. The reaction may be performed or
at elevated temperatures up to the reflux temperature of the
solvent. The intermediate [C] is then reduced to form the
corresponding alcohol compound [E]. In one embodiment,
the reduction is performed with an alkyl metal reagent or an
alkyl lithium reagent. In one embodiment, the alkyl metal
reagent is compound [D]. In another embodiment, the alkyl
metal reagent is a Grignard reagent R*>-MX, where M is Mg
and X is halide such as Cl or Br. In a further embodiment, the
reduction is performed using an alkyl lithium reagent R*-M,
wherein M is Li. Intermediate [E] is then substituted with an
imidazole group. In one embodiment, intermediate E is
reacted with carbonyl diimidazole [F] to produce the com-
pound of formula ().
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Scheme 1A describes another embodiment for preparing
compounds of formula (I). In these scheme, a boronic acid A
when (R _=H) or boronate ester A (when R =alkyl) is reacted
with heteroaryl halide compound B in the presence of weak
base, a palladium catalyst, in a solvent to provide intermedi-
ate C. The intermediate [C] is then reacted with alkyl metal
reagent compound D. Intermediate [E] is then substituted
with an imidazole group using carbonyl diimidazole [F] pro-
duce the compound of formula ().

Scheme 2
OR, o]
A—B
+ X\ )]\ 1 E—
OR, B R
[A] (B]

A—B N

@

10

15

20

25

30

35

40

A\

12
-continued
O R? R!
A—B)I\Rl A—B oH
[C] [E]
R? R R? R!
A—B N/X T A—3 LG
g [F]
N

@

Scheme 2 provides a method wherein compounds of for-
mula (I) are prepared via alcohol intermediate [E] prepared as
described in Scheme 1. The hydroxy functionality in [E] is
then converted into a suitable leaving group (LG) to provide
intermediate [F]. In one embodiment, the leaving group is a
bromide, chloride, tosylate, or mesylate. In a further embodi-
ment, intermediate [E] is reacted with a brominating agent
such as PBr; or PBrs to afford the corresponding bromide
compound, namely intermediate [F] wherein LG is Br. In
another embodiment, intermediate [E] is reacted with a sul-
fonyl chloride such as 4-toluenesulfonyl chloride or methane-
sulfonyl chloride to form the corresponding 4-toluene-
sulfonate (tosylate) or methanesulfonate (mesylate),
respectively, namely intermediate [F] wherein LG is
4-CH,C H,S(0),— or CH;S(0),—, respectively. Interme-
diate [F] is then reacted with imidazole [G] to produce com-
pounds of formula (I).

Scheme 2A
OR, 0 0
A L, — K
X
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\
N
SR CJ B W LG =— A—B OH
[E] [E]
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Scheme 2A provides a method wherein compounds of
formula (I) are prepared via alcohol intermediate [E] pre-
pared as described in Scheme 1. The hydroxy functionality in
[E] is converted into a suitable leaving group (LG) to provide
intermediate [F]. In one embodiment, the leaving group is a
bromide, chloride, tosylate, or mesylate. In a further embodi-
ment, intermediate [E] is reacted with PBr;, or PBr;, 4-tolu-
enesulfonyl chloride or methanesulfonyl chloride to form
intermediate [F]. Intermediate [F] is then reacted with imida-
zole [G] to produce compounds of formula (I).

Scheme 3
OR, 0 0
A_B/ X )J\ — )J\ —
\ORG T R? A—B R?
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Scheme 3 provides a method wherein compounds of for-
mula (I) are prepared, by first preparing alkyl ketone inter-
mediate [C] by the methods described in Scheme 1. These
compounds C are then reduced to provide alcohol intermedi-
ate [D] wherein R is hydrogen. The reduction can be per-
formed by one skilled in the art using any number of various
suitable reducing agents. In one embodiment, the reducing
agent is NaBH,, or LiAlH,. Alcohol intermediate [D] is then
converted to compounds of formula (I) by the method
described in Scheme 1.

Scheme 3A
OR, 0 0
At N )J\ )J\
\ORG T R? A—B R?
[B] [C]
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Scheme 3A provides a method wherein compounds of
formula (I) are prepared via alkyl ketone intermediate [C]. In
this scheme, ketone intermediate [C] is reduced using NaBH,,
or LiAlH, to provide alcohol intermediate [D] wherein R” is
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hydrogen. Alcohol intermediate [ D] is then converted to com-
pounds of Formula I by the method described in Scheme 1.

Scheme 4
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Scheme 4 provides another method for preparing com-
pounds of formula (I). In this route, alkyl ketone intermediate
[C] are first prepared using the methods of Scheme 1. Alkyl
ketone intermediate [C] is then reduced to provide alcohol
intermediate [D] wherein R" is hydrogen using the descrip-
tion provided in Scheme 3. The hydroxy functionality in
compound [D] is then converted into a suitable leaving group
(LG) to provide intermediate [ E] using by the route in Scheme
3. Finally, intermediate [E] is converted to the compounds of
formula (I). In one embodiment, compound [E] is converted
to the compound of formula (I) using imidazole.

Scheme 5
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Scheme 5 depicts another method for preparing com-
pounds of formula (I) prepared. In this route, a boronic acid
(R,=H) or boronate ester (R =alkyl) derivative [A] is first
coupled to a heteroaryl halide. In embodiment, the heteroaryl
halide is compound [B]. In another embodiment, the het-
eroaryl halide compound [B] contains a hydroxy alkyl sub-
stituent. This coupling reaction may be performed as
described for Scheme 1, using a boronic acid pinacol ester
derivative [A], for example. The reaction may be performed
in the presence of a weak base, palladium catalyst, or solvent
as described in Scheme 1. The hydroxy functional group in
compound [C] is then converted to a suitable leaving group by
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the methods described for Scheme 2 to provide intermediate
[D]. Intermediate [D] is then converted to the compound of
formula (I) by the methods described for Scheme 2.

16

be replaced with a coupling reaction as depicted in Scheme 7.
In this case, a phenyl or heteroaryl halide [A] is reacted with
aboronic acid (R,=H) or boronate ester (R ,=alkyl) derivative

OR, R} R!
= GNP G §
B OH A—B OH
[A] [B] [c]
RP—M
J [E]
0
R N/\NJI\N/\N
A—B_le \) \\/ R? R! R!
L L
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\N [F] D]
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Scheme 6 depicts another method for the synthesis of com-
pounds of formula (I). In this example, alcohol intermediate
[C] is prepared as described in Scheme 5. Intermediate [C]is 30
then oxidized. In one embodiment, the oxidation is performed
using an oxidizing agent which may be selected by one skilled
in the art. In another embodiment, the oxidizing agent is the
Dess-Martin periodinane. By doing so, the oxidation results
in the preparation of ketone or aldehyde intermediate [D].
Compound [D] is R2-substituted to form compound [F]. The
RZ-substitution is performed using an alkylating agent. In one
embodiment, the alkylating agent is alkyl metal reagent [E] as
described for Scheme 1. Intermediate [F] may be converted to
compounds of formula (I) by the methods described for
Scheme 1.

35
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It will be recognized by those skilled in the art that the 65
coupling methods used to form a bond between fragment A
and B, as described in the Schemes 1 to 6, can in some cases

[B]. The coupling reaction is carried out by using the methods
as described for Scheme 1. The intermediate [C] that is
formed can be converted to compounds of formula (I) by the
methods described for Scheme 1 (as also depicted in Scheme
7), or by the methods described for Schemes 2 to 4.

It will also be recognized by those skilled in the art that in
certain cases the substituents on fragments A, B, R! and R?
can be converted into different substituents, during the course
of the synthetic sequences as depicted in Schemes 1 to 7.
Likewise, in certain cases the substituents on fragments A, B,
R! and R? can be modified after the preparation of compounds
of the invention of Formula I, to produce additional com-
pounds of formula (I). Likewise, some substituents can be
converted into hydrogen, to afford the corresponding deriva-
tive that is unsubstituted at that atom position. Examples of
such reactions to convert one substituent into a different sub-
stituent include, but are not limited to: the demethylation of a
methoxy substituent by treatment with BBr; to produce a
hydroxy substituent; the reduction of a nitro substituent by
hydrogenation over Pd/C catalyst to produce an amino sub-
stituent; the acylation of an amino substituent to produce
N-acylated amino substituent; the N-alkylation of a pyridone
or pyrazole nitrogen atom by reaction with an alkyl iodide;
the hydrolysis of a carboxylate ester substituent by treatment
with lithium hydroxide to produce the carboxylic acid; the
alkylation of a hydroxy substituent by reaction with an alkyl
halide to produce the related alkoxy substituent; the conver-
sion of a halide substituent into an alkoxy substituent by
reaction with a metal alkoxide; and the hydrolysis of an
N-tert-butoxycarbonyl group on a nitrogen atom to produce
the corresponding compound wherein the nitrogen atom is
substituted with hydrogen or is considered to be unsubsti-
tuted.

It will also be recognized by those skilled in the art that a
wide variety of synthetic methods are known in the art that
can be used for the preparation of the starting material deriva-
tives of fragments A and B that are depicted in Schemes 1 to
7.

Pharmaceutical compositions useful herein contain a com-
pound of formula (I) in a pharmaceutically acceptable carrier
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optionally with other pharmaceutically inert or inactive ingre-
dients. In another embodiment, a compound of formula (I) is
present in a single composition. In a further embodiment, a
compound of formula (I) is combined with one or more
excipients and/or other therapeutic agents as described below.

The pharmaceutical compositions of the invention com-
prise an amount of a compound of formula (I) or a pharma-
ceutically acceptable salt thereof that is effective for regulat-
ing CYP17 activity in a subject. Specifically, the dosage of the
compound of formula (I) to achieve a therapeutic effect will
depend on the formulation, age, weight and sex of the patient
and route of delivery. it is also contemplated that the treatment
and dosage of the compound of formula (I) may be adminis-
tered in unit dosage form and that one skilled in the art would
adjust the unit dosage form accordingly to reflect the relative
level of activity. The decision as to the particular dosage to be
employed (and the number of times to be administered per
day) is within the discretion of the ordinarily-skilled physi-
cian, and may be varied by titration of the dosage to the
particular circumstances to produce the desired therapeutic
effect. In one embodiment, the therapeutically effective
amount is about 0.01 mg/kg to 10 mg/kg body weight. In
another embodiment, the therapeutically effective amount is
less than about 5 g/kg, about 500 mg/kg, about 400 mg/kg,
about 300 mg/kg, about 200 mg/kg, about 100 mg/kg, about
50 mg/kg, about 25 mg/kg, about 10 mg/kg, about 1 mg/kg,
about 0.5 mg/kg, about 0.25 mg/kg, about 0.1 mg/kg, about
100 ng/kg, about 75 pg/kg, about 50 pg/kg, about 25 pg/kg,
about 10 pg/kg, or about 1 pg/kg. However, the therapeuti-
cally effective amount of the compound of formula (I) can be
determined by the attending physician and depends on the
condition treated, the compound administered, the route of
delivery, the age, weight, severity of the patient’s symptoms
and response pattern of the patient.

The therapeutically effective amounts may be provided on
regular schedule, i.e., daily, weekly, monthly, or yearly basis
or on an irregular schedule with varying administration days,
weeks, months, etc. Alternatively, the therapeutically effec-
tive amount to be administered may vary. In one embodiment,
the therapeutically effective amount for the first dose is higher
than the therapeutically effective amount for one or more of
the subsequent doses. In another embodiment, the therapeu-
tically effective amount for the first dose is lower than the
therapeutically effective amount for one or more of the sub-
sequent doses. Equivalent dosages may be administered over
various time periods including, but not limited to, about every
2 hours, about every 6 hours, about every 8 hours, about every
12 hours, about every 24 hours, about every 36 hours, about
every 48 hours, about every 72 hours, about every week,
about every two weeks, about every three weeks, about every
month, and about every two months. The number and fre-
quency of dosages corresponding to a completed course of
therapy will be determined according to the judgment of a
health-care practitioner. The therapeutically effective
amounts described herein refer to total amounts administered
for a given time period; that is, if more than one compound of
formula (I) or a pharmaceutically acceptable salt thereof is
administered, the therapeutically effective amounts corre-
spond to the total amount administered.

The pharmaceutical compositions containing a compound
of formula (I) may be formulated neat or with one or more
pharmaceutical carriers for administration. The amount of the
pharmaceutical carrier(s) is determined by the solubility and
chemical nature of the compound of formula (I), chosen route
ofadministration and standard pharmacological practice. The
pharmaceutical carrier(s) may be solid or liquid and may
incorporate both solid and liquid carriers. A variety of suit-
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able liquid carriers is known and may be readily selected by
one of skill in the art. Such carriers may include, e.g., dim-
ethylsulfoxide (DMSO), saline, buftered saline, hydroxypro-
pylcyclodextrin, and mixtures thereof. Similarly, a variety of
solid carriers and excipients are known to those of skill in the
art. The compounds of formula (I) may be administered by
any route, taking into consideration the specific condition for
which it has been selected. The compounds of formula (I)
may, be delivered orally, by injection, inhalation (including
orally, intranasally and intratracheally), ocularly, transder-
mally, intravascularly, subcutaneously, intramuscularly, sub-
lingually, intracranially, epidurally, intravesically, rectally,
and vaginally, among others.

Although the compound of formula (I) may be adminis-
tered alone, it may also be administered in the presence of one
ormore pharmaceutical carriers that are physiologically com-
patible. The carriers may be in dry or liquid form and must be
pharmaceutically acceptable. Liquid pharmaceutical compo-
sitions are typically sterile solutions or suspensions. When
liquid carriers are utilized for parenteral administration, they
are desirably sterile liquids. Liquid carriers are typically uti-
lized in preparing solutions, suspensions, emulsions, syrups
and elixirs. In one embodiment, the compound of formula (I)
is dissolved a liquid carrier. In another embodiment, the com-
pound of formula (I) is suspended in a liquid carrier. One of
skill in the art of formulations would be able to select a
suitable liquid carrier, depending on the route of administra-
tion. The compound of formula (I) may alternatively be for-
mulated in a solid carrier. In one embodiment, the composi-
tion may be compacted into a unit dose form, e.g., tablet or
caplet. In another embodiment, the composition may be
added to unit dose form, e.g., a capsule. In a further embodi-
ment, the composition may be formulated for administration
as a powder. The solid carrier may perform a variety of
functions, e.g., may perform the functions of two or more of
the excipients described below. For example, solid carrier
may also act as a flavoring agent, lubricant, solubilizer, sus-
pending agent, filler, glidant, compression aid, binder, disin-
tegrant, or encapsulating material.

The composition may also be sub-divided to contain appro-
priate quantities of the compound of formula (I). For
example, the unit dosage can be packaged compositions, e.g.,
packeted powders, vials, ampoules, prefilled syringes or
sachets containing liquids.

Examples of excipients which may be combined with one
or more compound of formula (I) include, without limitation,
adjuvants, antioxidants, binders, buffers, coatings, coloring
agents, compression aids, diluents, disintegrants, emulsifiers,
emollients, encapsulating materials, fillers, flavoring agents,
glidants, granulating agents, lubricants, metal chelators,
osmo-regulators, pH adjustors, preservatives, solubilizers,
sorbents, stabilizers, sweeteners, surfactants, suspending
agents, syrups, thickening agents, or viscosity regulators.
See, for example, the excipients described in the “Handbook
of Pharmaceutical Excipients”, 5% Edition, Eds.: Rowe,
Sheskey, and Owen, APhA Publications (Washington, D.C.),
Dec. 14, 2005, which is incorporated herein by reference.

In one embodiment, the compositions may be utilized as
inhalants. For this route of administration, compositions may
be prepared as fluid unit doses using a compound of formula
() and a vehicle for delivery by an atomizing spray pump or
by dry powder for insufflation.

In another embodiment, the compositions may be utilized
as aerosols, i.e., oral or intranasal. For this route of adminis-
tration, the compositions are formulated for use in a pressur-
ized aerosol container together with a gaseous or liquefied
propellant, e.g., dichlorodifluoromethane, carbon dioxide,
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nitrogen, propane, and the like. Also provided is the delivery
of a metered dose in one or more actuations.

In another embodiment, the compositions may be admin-
istered by a sustained delivery device. “Sustained delivery” as
used herein refers to delivery of a compound of formula (I)
which is delayed or otherwise controlled. Those of skill in the
art know suitable sustained delivery devices. For use in such
sustained delivery devices, the compound of formula (I) is
formulated as described herein.

In addition to the components described above for use in
the composition and the compound of formula (I), the com-
positions may contain one or more medications or therapeutic
agents which are used to treat solid tumors. In one embodi-
ment, the medication is a chemotherapeutic, including but not
limited to cytotoxic/cytostatic agents and targeted agents
such as include LHRH agonist/antagonists, androgen recep-
tor antagonists, kinase or other enzyme inhibitors, and the
like. Examples of chemotherapeutics include those recited in
the “Physician’s Desk Reference”, 647 Edition, Thomson
Reuters, 2010, which is hereby incorporated by reference. In
one embodiment, the compounds of formula (I) can be
administered with other inhibitors of CYP17, such as abi-
raterone acetate, or with compounds that suppress testoster-
one production, such as LHRH agonists/antagonists. Thera-
peutically effective amounts of the additional medication(s)
or therapeutic agents are well known to those skilled in the art.
However, it is well within the attending physician to deter-
mine the amount of other medication to be delivered.

The compounds of formula (I) and/or other medication(s)
or therapeutic agent(s) may be administered in a single com-
position. However, the present invention is not so limited. In
other embodiments, the compounds of formula (I) may be
administered in one or more separate formulations from other
compounds of formula (I), chemotherapeutic agents, or other
agents as is desired.

Also provided herein are kits or packages of pharmaceuti-
cal formulations containing the compounds of formula (I) or
compositions described herein. The kits may be organized to
indicate a single formulation or combination of formulations
to be taken at each desired time.

Suitably, the kit contains packaging or a container with the
compound of formula (I) formulated for the desired delivery
route. Suitably, the kit contains instructions on dosing and an
insert regarding the active agent. Optionally, the kit may
further contain instructions for monitoring circulating levels
of product and materials for performing such assays includ-
ing, e.g., reagents, well plates, containers, markers or labels,
and the like. Such kits are readily packaged in a manner
suitable for treatment of a desired indication. For example,
the kit may also contain instructions for use of a spray pump
or other delivery device. Other suitable components to
include in such kits will be readily apparent to one of skill in
the art, taking into consideration the desired indication and
the delivery route.

The compounds of formula (I) or compositions described
herein can be a single dose or for continuous or periodic
discontinuous administration. For continuous administration,
a package or kit can include the compound of formula (I) in
each dosage unit (e.g., solution, lotion, tablet, pill, or other
unit described above or utilized in drug delivery), and option-
ally instructions for administering the doses daily, weekly, or
monthly, for a predetermined length of time or as prescribed.
When the compound of formula (I) is to be delivered periodi-
cally in a discontinuous fashion, a package or kit can include
placebos during periods when the compound of formula (I) is
notdelivered. When varying concentrations of a composition,
of'the components of the composition, or the relative ratios of
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the compounds of formula (I) or agents within a composition
over time is desired, a package or kit may contain a sequence
of dosage units which provide the desired variability.

A number of packages or kits are known in the art for
dispensing pharmaceutical agents for periodic oral use. In one
embodiment, the package has indicators for each period. In
another embodiment, the package is a labeled blister package,
dial dispenser package, or bottle.

The packaging means of a kit may itself be geared for
administration, such as an inhaler, syringe, pipette, eye drop-
per, or other such apparatus, from which the formulation may
be applied to an affected area of the body, such as the lungs,
injected into a subject, or even applied to and mixed with the
other components of the kit.

The compositions of these kits also may be provided in
dried or lyophilized forms. When reagents or components are
provided as a dried form, reconstitution generally is by the
addition of a suitable solvent. It is envisioned that the solvent
also may be provided in another package.

The kits of the present invention also will typically include
a means for containing the vials in close confinement for
commercial sale such as, e.g., injection or blow-molded plas-
tic containers into which the desired vials are retained.

Irrespective of the number or type of packages and as
discussed above, the kits also may include, or be packaged
with a separate instrument for assisting with the injection/
administration or placement of the composition within the
body of an animal. Such an instrument may be an inhaler,
syringe, pipette, forceps, measuring spoon, eye dropper or
any such medically approved delivery means.

In one embodiment, a kit is provided and contains a com-
pound of formula (I). The compound of formula (I) may be in
the presence or absence of one or more of the carriers or
excipients described above. The kit may optionally contain
instructions for administering the medication and the com-
pound of formula (I) to a subject having a disease associated
with CPY17 activity.

In a further embodiment, a kit is provided and contains a
compound of formula (I) in a second dosage unit, and one or
more of the carriers or excipients described above in a third
dosage unit. The kit may optionally contain instructions for
administering the medication and the compound of formula
(D to a subject having a disease associated with CPY17 activ-
ity.

The compounds described herein are useful in treating
conditions which are associated with CPY 17 activity. In one
embodiment, such a disease is associated with abnormal cel-
Iular proliferation, particularly the abnormal proliferation of
cells which is sensitive to hormones such as testosterone or
estrogen. The term “abnormal cellular proliferation” refers to
the uncontrolled growth of cells which are naturally present in
a mammalian body. In one embodiment, a disease which is
characterized by abnormal cellular proliferation is cancer,
including, without limitation, cancer of the prostate, head,
neck, eye, mouth, throat, esophagus, bronchus, larynx, phar-
ynx, chest, bone, lung, colon, rectum, stomach, bladder,
uterus, cervix, breast, ovaries, vagina, testicles, skin, thyroid,
blood, lymph nodes, kidney, liver, intestines, pancreas, brain,
central nervous system, adrenal gland, or skin or a leukemia.
In one embodiment, the disease characterized by abnormal
cellular proliferation is cancer of the prostate.

The term “regulation” or variations thereof as used herein
refers to the ability of a compound of formula (I) to inhibit one
or more components of a biological pathway. In one embodi-
ment, “regulation” refers to inhibition of CPY17 activity.
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In one embodiment, methods for inhibiting CPY'17 activity
are provided which comprise administering a therapeutically
effective amount of a compound of formula (I) to a patient in
need thereof.

In another desirable embodiment, methods for treating a
disease characterized by an abnormal cellular growth result-
ing from CPY17 activity are provided which comprise
administering of a therapeutically effective amount of a com-
pound of formula (I) to a patient in need thereof.

In a further desirable embodiment, methods for treating a
condition treatable by inhibiting CPY'17 activity are provided
which comprise administering a therapeutically effective
amount of a compound of formula (I) to a patient in need
thereof.

In still another embodiment, methods for treating cancer
are provided which comprise administering a therapeutically
effective amount of a compound of formula (I) to a patient in
need thereof.

In yet a further embodiment, methods for treating prostate
cancer are provided which comprise administering a thera-
peutically effective amount of a compound of formula (I) to a
patient in need thereof.

In a still further embodiment, methods of reducing test-
osterone production in a patient are provided which comprise
administering a therapeutically effective amount of a com-
pound of formula (I) in need thereof.

As described herein, a therapeutically effective amount of
a compound when used for the treatment of cancer is an
amount which may reduce the number of cancer cells (cy-
toxic), allow the number of cancer cells to remain relatively
constant (cytostatic), reduce tumor size, inhibit metastasis,
inhibit tumor growth and/or ameliorate one or more of the
symptoms of the cancer. For cancer therapy, efficacy can be
measured for example, by assessing the time to disease pro-
gression, measuring tumor size and/or determining the
patient response rate.

The following examples are illustrative only and are not
intended to limit the present invention.

EXAMPLES

All reactions were carried out under nitrogen or argon
atmosphere unless otherwise specified. Unless otherwise
stated, all the raw starting materials, solvents and reagents
were purchased from commercial sources (e.g., Avocado
Research Chemicals, Apollo Scientific Limited, Bepharma
Ltd., Combi-Blocks Inc., Sigma Aldrich Chemicals Pvt. Ltd.,
Ultra Labs, Toronto Research Chemicals Inc., Chemical
House, RFCL Limited, Spectro Chem. Pvt. Litd., Leonid
Chemicals, L.oba Chemie, Changzhou Yangyuan, NeoSynth.,
Rankem) and used as such without further purification or
reagents can be synthesizes by procedures known in the art.
Biotage Isolera One and Combi Flash Tele Dyne Isco Auto-
mated Flash Purification System were used for the purifica-
tion of crude products using the eluent combination men-
tioned in the respective procedures. Flash Chromatography
was performed using silica gel (60-100, 100-200 and 230-400
mesh) from Chemlabs, with Nitrogen and/or compressed air.
Preparative thin-layer chromatography was carried out using
silica gel GF 1500 uM 20x20 cm and GF 2000 uM 20x20 cm
Prep-scored plates from Analtech, Inc. Delaware, USA)
Thin-layer chromatography (TLC) was carried out using pre-
coated silica gel sheets (Merck 60 F254). Visual detection
was performed with ultraviolet light, p-anisaldehyde stain,
ninhydrin stain, dinitrophenyl hydrazine stain, potassium

10

15

20

25

30

35

40

45

50

55

60

65

22

permanganate stain, or iodine. Reactions at lower tempera-
ture were performed by using cold baths: H,O/ice at 0° C.,
acetone/dry ice at —=78° C. "H NMR spectra were recorded at
400 MHz with a Varian V400 spectrometer, Bruker 400 (un-
less otherwise noted) at ambient temperature, using tetram-
ethylsilane as internal reference. The chemical shift values
are quoted in § (parts per million). Mass spectra of all the
intermediates and final compounds were recorded using
Waters Acquity UPLC-SQD & Agilent 1290 with 6150 SQD
machines. High Performance Liquid Chromatography
(HPLC) spectra were recorded using Agilent UHPLC 1290
and Waters, Alliance. LC-MS spectra were recorded using
Agilent 1200 LC-MS/Agilent 1290 UHPLC-SQD with DAD
detection LC-MS instruments using a BEH C18 column and
ZORBAX HD C18 column (50 mmx2.1 mmx1.7p) & (50
mmx2.1 mmx1.8), a mobile phase of 0.01% of acetic acid
with acetonitrile and 0.01% of acetic acid with methanol, a
flow rate of 0.3 mL./min, a temperature of 70 and 50° C., and
a run time of 3.0 and sometimes 5 min. The purity of each of
the final compounds was detected using WATERS PDA with
SQD and AGILENT DAD with 6150 SQD instruments and
the following conditions:

Condition 1: Column: Waters BEH C18; mobile phase:
0.01% acetic acid with acetonitrile & 0.01% acetic acid with
Methanol; gradient: (B/% T):0/0, 1.2/100, 2.5/100, 2.8/0,
3.0/0; flow: 0.3 mL/min; temperature: 70° C.; run time: 3.0
min.

Condition 2: Column: ZORBAX HD C18; mobile phase:
0.01% acetic acid with acetonitrile & 0.01% acetic acid with
Methanol; gradient: (B/% T):0/0, 2.5/100, 4.5/100, 4.8/0,
5.0/0; flow: 0.3 mL/min; temperature: 50° C.; run time: 5.0
min.

The following abbreviations are used herein and have the
indicated definitions ACN is acetonitrile; BCA is bicincho-
ninic acid; bid po means twice daily by mouth; CDI is 1,1-
carbonyl diimidazole; cone is concentrated; DMSO is dim-
ethylsulfoxide; DCC is dicyclohexylcarbodiimide; DCM is
dichloromethane; DIPEA is diisopropyl-ethylamine; DMF is
N, N-dimethylformamide; dppf is 1,1'-bis(diphenylphos-
phino)-ferrocene; DTT is dithiothreitol; EDC.HCI is 1-(3-
dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride;
EDTA is ethylenediamine tetraacetic acid; EGTA is ethylene
glycol tetraacetic acid; ELISA is enzyme-linked immunosor-
bent assay; EtOH is ethanol; ESI is electrospray ionization;
EI is electron impact ionization; HATU is 2-(1H-7-azaben-
zotriazol-1-y1)-1,1,3,3-tetramethyl uronium hexafluoro-
phosphate methanaminium; HEPES is (4-(2-hydroxyethyl)-
1-piperazineethane-sulfonic acid; HPCD is hydroxypropyl-
p-cyclodextrin, HPLC is high performance liquid
chromatography; Hz is hertz; HOAt is 1-hydroxy-7-azaben-
zotriazole; HOBtis 1-hydroxy benzotriazole; KOAc is potas-
sium acetate; LC is liquid chromatography; LDA is lithium
diisopropylamine; MS is mass spectroscopy; MeOH is
methanol; MHz is megahertz; mM is millimolar; mL is mil-
liliter; min is minutes; mol is moles; M™* is molecular ion;
[M+H]* is protonated molecular ion; N is normality; NMR is
nuclear magnetic resonance; PBS is phosphate buffered
saline; PMSF is phenyl-methanesulfonyl fluoride; PPh; is
triphenylphosphine; PTSA is para-toluenesulphonic acid; psi
is pound per square inch; PPM is parts per million; qd po
means daily by mouth; rt is room temperature; RT is retention
time; tetrakis is tetrakis(triphenyl-phosphine)palladium(0);
TLC is thin layer chromatography; TFA is trifltuoroacetic
acid; TEA is triethylamine; THF is tetrahydrofuran; TMS is
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tetramethylsilane; and XTT is sodium 2,3,-bis(2-methoxy-4-
nitro-5-sulfophenyl)-5-[ (phenylamino)-carbonyl]-2H-tetra-
zolium inner salt.

Example 1

5-(1-(1H-imidazol-1-yl)propyl)-2-(3-fluorophenyl)
thiazole

Step 1: 2-(3-fluorophenyl)thiazole-5-carbaldehyde

OH
F B
\©/ \OH

Na2C03, Pd(PPh3)4
Toluene, EtOH
120°C.,4h

A

To a solution of 2-bromothiazole-5-carbaldehyde (0.6 g,
3.125 mmol) in toluene (2 mL) and ethanol (1 mL) was added
4-fluorophenyl boronic acid (0.524 g, 3.75 mmol), 2 M solu-
tion of aq. Na,CO;. The reaction mixture degassed with
argon, tetrakis (0.180 g, 0.156 mmol) was added, the reaction
mixture was again degassed with argon for 10 min, and heated
to 120° C. for 4 h. The reaction mixture was evaporated under
vacuum to remove ethanol, the reaction mixture was diluted
with water (10 mL), extracted with ethyl acetate (50 mL.) and
dried over sodium sulphate, filtered and evaporated under
reduced pressure to obtain crude product. The crude product
was purified by Biotage Isolera® One chromatography (us-
ing 6% ethyl acetate and hexane) to give 2-(3-fluorophenyl)
thiazole-5-carbaldehyde (0.350 g, 54% yield); "H NMR (400
MHz, DMSO-d,): 88.78 (s, 1H), 7.90 (dd, 2H), 7.61 (q, 1H);
7.44 (t, 1H); LC-MS m/z caled for [M+H]* 208.02. found
208.0.
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Step 2: 1-(2-(3-fluorophenyl)thiazol-5-yl)propan-1-
ol

EtMgBr
0 THF, 0-1t, 3 h
F
N| A
S
on
F

To a solution of 2-(3-fluorophenyl)thiazole-5-carbalde-
hyde (0.320 g, 1.545 mmol) in THF (12 m[.) was added 3.0 M
solution of ethyl magnesium bromide in diethyl ether (1.28
ml, 3.86 mmol) at 0° C. The reaction mixture was allowed to
warm to room temperature and stir for 3 h. The reaction
mixture was quenched with saturated ammonium chloride
solution (10 mL) and water (5 mL), extracted with ethyl
acetate (50 mL.), dried over sodium sulphate and concentrated
under reduced pressure to obtain crude product. The crude
compound was purified by Biotage Isolera® One chromato-
graph (using 15% ethyl acetate and hexane) to afford 1-(2-
(3-fluorophenyl)thiazol-5-yl)propan-1-ol  (0.18 g, 45%
yield). 'H NMR (400 MHz, DMSO-d,): 8 7.68 (d, 3H), 7.40
(9, 1H), 7.11 (t, 1H); 4.93 (t, 1H), 4.11 (q, 1H), 1.90-1.87 (m,
2H), 1.01 (t, 3H); LC-MS m/z caled for [M+H]* 238.06.
found 238.0.

Step 3: 5-(1-(1H-imidazol-1-yl)propyl)-2-(3-fluo-

rophenyl)thiazole
TN
| g CDI
oH ACN
80°C.,2h
F
7
¥
S
F
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To a solution of 1-(2-(3-fluorophenyl)thiazol-5-yl)propan-
1-01(0.90 g, 0.379 mmol) in acetonitrile (2.5 mL) was added
CDI (0.319 g, 1.97 mmol) at room temperature. The solution
was heated to 80° C. for 2 hours, the reaction was diluted with
ice cold water and extracted with ethyl acetate (50 mL), dried
over sodium sulphate and filtered and concentrated under
reduced pressure to obtain crude product. The crude product
was purified by preparative TLC by using (5% MeOH/DCM)
to give 5-(1-(1H-imidazol-1-yl)propyl)-2-(3-fluorophenyl)
thiazole (0.014 g, 14% yield); '"H NMR (400 MHz, DMSO-
dy):87.91 (s, 1H),7.83 (s, 1H),7.70 (t,2H), 7.52 (q, 1H), 7.31
(t, 1H), 6.93 (s, 1H), 2.31-2.22 (m, 2H), 0.82 (t, 3H); LC-MS
m/z caled for [M+H]* 288.09. found 288.0.

Example 2

5-(1-(1H-imidazol-1-yl)propyl)-2-(1-methyl-1H-
pyrazol-3-yl)thiazole

Step 1: 2-(1H-pyrazol-3-yl)thiazole-5-carbaldehyde

/O
7z
N B
AN
Oygi o .
~
Toluene/Ethanol

N
/(MO
Br S Pd(PPhs)4

2M Na,CO;
100°C./2 h

)

HN

To a solution of 2-bromothiazole-5-carbaldehyde (0.8 g,
4.16 mmol) in toluene (6 mL) and EtOH (5 mL), tert-butyl
3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyra-
zole-1-carboxylate (1.8 g, 6.2 mmol), 2M Na,CO; (6.2 mL,
12.4 mmol) and Pd(PPh,), (0.45 mg, 0.4 mmol) were added
under argon. The mixture was degassed, heated to 100° C.,
stirred for 1 h. After completion of the reaction, by monitoring
with TLC (5% MeOH\DCM), the resulting mixture was fil-
tered with Celite® reagent and the filtrate was separated. This
filtrate was concentrated, extracted with EtOAc (2x100 mL),
washed with water (100 mL), dried over Na,SO,, and concen-
trated in vacuo. The resulting residue was purified by Biotage
Isolera® One column purifier (silica gel 100-200 microns)
using 3% methanol in dichloromethane and isolated as yellow
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color solid (0.25 g, 33% yield). "H NMR (400 MHz, DMSO-
dy): 813.49 (brs, 1H), 10.03 (s, 1H), 8.60 (s, 1H), 8.55 (s, 1H),
8.09 (s, 1H); LC-MS mv/z calcd for [M+H]", 180.02. found,
180.1.

Step 2: 2-(1-methyl-1H-pyrazol-3-yl)thiazole-5-car-
baldehyde

NN
| q \ K,CO3/DMF

O MeIRT,2h

X

m/z

2-(1H-pyrazol-3-yl)thiazole-5-carbaldehyde (0.25 g, 1.3
mmol) was dissolved in DMF (5 mL) and iodomethane (0.26
ml, 4.1 mmol) and potassium carbonate (0.6 g, 4.1 mmol)
were added. The reaction was stirred for 3 h at room tempera-
ture until the reaction was deemed complete by TLC (80%
EtOAc\hexane). The reaction was poured into ice water (50
ml), and the aqueous layer was extracted with ethyl acetate
(2x50 mL). The organic layers were combined, washed with
brine, dried over sodium sulfate, and concentrated under
vacuum to afford 2-(1-methyl-1H-pyrazol-3-yl)thiazole-5-
carbaldehyde as a yellow solid (0.1 g, 38% yield). "H-NMR
(DMSO-dy): 8 10.0 (s, 1H) 8.60 (s, 1H). 8.50 (s, 1H), 8.05 (s,
1H), 3.89 (s, 3H); LC-MS m/z calcd for [M+H]*, 194.03.
found, 194.1.

Step 3: 1-(2-(1-methyl-1H-pyrazol-3-yl)thiazol-5-y1)
propan-1-ol

I‘i %
S \ EtMgBr/THF
0

_—
0°C.-RT,3h

7]
N

| OH

To a solution of 2-(1-methyl-1H-pyrazol-3-yl)thiazole-5-
carbaldehyde (0.1 g, 0.51 mmol) in THF (10 mL) at 0° C. was
slowly added 3.0 M ethyl magnesium bromide in diethyl
ether (0.5 mL, 0.15 mmol), and the reaction mixture was
stirred at 0° C. for 3 h. After completion of reaction by
monitoring with TLC (5% MeOH\DCM), the reaction mix-
ture was quenched with sat’d. NH,CI (50 mL) solution. The
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reaction mixture was then extracted with EtOAc (3x50 mL),
washed with water (2x50 mL), dried over Na,SO, and con-
centration in vacuo and to provide a yellow solid (0.09 g, 81%
yield). "H NMR (400 MHz, DMSO-d,): 8 8.21 (s, 1H), 7.82
(s, 1H), 7.50 (s, 1H), 5.60 (d, 1H), 4.70 (q, 1H), 3.86 (s, 3H),
1.69 (m, 2H), 0.844 (t, 3H).

Step 4: 5-(1-(1H-imidazol-1-yl)propyl)-2-(1-methyl-
1H-pyrazol-3-yl)thiazole

S CDIVACN
—_——
| OH 100°C.,1h

To a solution of 1-(2-(1-methyl-1H-pyrazol-3-yl)thiazol-
5-yDpropan-1-ol (0.09 g, 0.4 mmol) in acetonitrile (10.0 mL)
was added CDI (0.34 g, 2.1 mmol) and the reaction was
heated to 100° C. and stirred for 1 h. Completion of the
reaction was monitored with TL.C (10% MeOH\DCM). Then
reaction mixture was concentrated in vacuo, diluted with
ethyl acetate (2x100 mL.), washed with water (100 mL), dried
over Na,SO, and concentrated in vacuo. The resulting residue
was purified by preparative TLC using 5% methanol in
dichloromethane. A light yellow color viscous liquid (0.015
g, 13% yield) was obtained. 'H NMR (400 MHz, DMSO-d,):
88.25 (s, 1H), 7.82 (d, 2H), 7.70 (s, 1H), 7.28 (s, 1H), 6.93 (s,
1H), 5.63 (1, 1H), 3.86 (s, 3H), 2.22 (m, 2H), 0.82 (t, 3H);,
LC-MS nv/z caled for [M+1]*, 274.10. found, 274.1.

Example 3

1-(1-(5-(4-methoxyphenyl)thiophen-2-yl)propyl)-
1H-imidazole
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Step 1:
5-(4-methoxyphenyl)thiophene-2-carbaldehyde

Toluene/Ethanol
Br S Pd(PPhs)s, NayCO3
&4 60°C./5h
o a
5 0
H
To a stirred solution of 5-bromothiophene-2-carbaldehyde

(1 g, 5.2 mmol) in toluene (40 mL.) and ethanol (20 mL) was
added (4-methoxyphenyl)boronic acid (1.59 g, 10.4 mmol),
2M Na,COj; (14.7 mL), and Pd(PPh,), (60 mg, 0.05 mmol).
The reaction was purged with argon and heated at 60° C. for
about 5 h. The reaction mixture was concentrated, diluted
with water (100 mL), and extracted with ethyl acetate (2x200
mL). The combined organic extracts were washed with brine
solution (20 mL), the organic layer was dried over Na,SO,
and concentrated under vacuum to obtain crude product. The
crude product was purified by flash chromatography (silica
gel, 60-120p) using 10% ethyl acetate in hexane eluent to
afford 5-(4-methoxyphenyl)thiophene-2-carbaldehyde as off
white solid (1 g, 87.7% yield). "H NMR (400 MHz, DMSO-
dg): 8 9.85 (s, 1H), 7.97 (d, 1H), 7.73 (d, 2H), 7.61 (d, 1H),
7.02 (d, 2H), 3.98 (s, 3H); LC-MS m/z caled for [M+H]*
219.04. found 219.3.

Step 2: 1-(5-(4-methoxyphenyl)thiophen-2-yl)pro-

pan-1-o0l
\O / | EtMgBr
] o THF
0°C,3h
H
\, a
. OH

5-(4-methoxyphenyl)thiophene-2-carbaldehyde (300 mg,
1.3 mmol) in THF (6 mL) was cooled to 0° C. 3-M ethyl
magnesium bromide in diethyl ether (0.8 mL, 2.7 mmol) was
then slowly added at 0° C. and the reaction mixture was
stirred for 3 h at 0° C., (reaction progress was monitored by
TLC). The reaction mixture was quenched with saturated
NH,CI solution (10 ml) and extracted with ethyl acetate
(2x200 mL).

The combined organic extracts were washed with brine
solution (10 mL), the organic layer was dried over Na,SO,
and the solution was concentrated under vacuum to obtain
crude product. The crude product was purified by flash chro-
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matography (silica gel, 60-120p) using 10% ethyl acetate in
hexane eluent afforded 1-(5-(4-methoxyphenyl)thiophen-2-
yDpropan-1-ol as pale yellow liquid (150 mg, 43.9% yield).
'"HNMR (400 MHz, DMSO-dy): 8 7.51 (d, 2H), 7.15 (d, 1H),
6.94 (d, 2H), 6.84 (d, 1H), 5.45 (d, 1H), 4.64-4.60 (m, 1H),
3.79 (s, 3H), 1.72-1.65 (m, 2H), 0.88 (s, 3H); LC-MS nv/z
caled for [M+H]* 249.09. found 249.4.

Step 3: 1-(1-(5-(4-methoxyphenyl)thiophen-2-yl1)
propyl)-1H-imidazole

CDI

OH ——

S NMP
160°C.,6 h

To a stirred solution of 1-(5-(4-methoxyphenyl)thiophen-
2-yl)propan-1-ol (95 mg, 0.3 mmol) in NMP (4 mL) was
added 1,1-carbonyl diimidazole (495 mg, 3 mmol). The reac-
tion was refluxed at 160° C. for about 6 h. The reaction
mixture was concentrated, diluted with water (100 mL) and
extracted with ethyl acetate (2x100 ml.). The combined
organic extracts were washed with brine solution (10 mL), the
organic layer was dried over Na,SO, and then concentrated
under vacuum to obtain crude product. The crude product was
purified by flash chromatography (silica gel, 60-120 microns)
using 2% methanol in DCM as an eluent to atford 1-(1-(5-(4-
methoxyphenyl)thiophen-2-yl)propyl)-1H-imidazole as an
off white solid (30 mg, 26.3% yield). '"H NMR (400 MHz,
DMSO-d,): §7.78 (s, 1H), 7.49 (d, 2H), 7.26 (s, 1H), 7.22 (d,
1H), 7.03 (d, 1H), 6.92 (t, 3H), 5.49 (t, 1H), 3.75 (s, 3H),
2.24-2.17 (m, 2H), 0.81 (t,3H), LC-MS m/z caled for [M+H]*
299.11. found 231.3 [M-imidazole]*.

Example 4
4-(5-(1-(1H-imidazol-1-yl)propyl)thiophen-2-y1)
phenol
N
\ V4 f BBry
0 | N/ b
S 0°C.,2h

HO

To a stirred solution of 1-(1-(5-(4-methoxyphenyl)
thiophen-2-yl)propyl)-1H-imidazole (45 mg, 0.15 mmol;
prepared as described in Example 3) in DCM (4 mlL) was
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added BBr; (0.02 mL, 0.22 mmol) at 0° C. The reaction was
stirred at 0° C. for about 2 h, quenched with saturated
NaHCO; solution (10 mL), and extracted with DCM (2x100
mL). The combined organic extracts were washed with brine
solution (10 mL), the organic layer was dried over Na,SO,
and concentrated under vacuum to obtain crude product. The
crude product was washed with pentane (10 ml.) afforded
4-(5-(1-(1H-imidazol-1-yl)propyl)thiophen-2-yl)phenol as
off white solid (42 mg, 81.3% yield). '"H NMR (400 MHz,
DMSO-dy): §9.59 (s, 1H), 7.78 (s, 1H), 7.37 (d, 2H), 7.25 (s,
1H),7.14 (d, 1H),7.01 (d, 1H), 6.90 (s, 1H), 6.75 (d, 2H), 5.47
(t, 1H), 2.31-2.16 (m, 2H), 0.80 (t, 3H), LC-MS m/z calcd for
[M-H]* 285.10. found 217.2 [M-imidazole]*.

Example 5
Ethyl 4-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-yl)
benzoate
N,
J
O, — N
\ 7
/— o N
Step 1: ethyl 4-(6-formylpyridin-3-yl)benzoate
O, OH
Br N , /
| \_ \
= 0 o] on
N Toluene/isopropanol
Pd(PPhy)y, NayCO;3
H 70°C./5h
O, — H
\ 7
/— O N [0}

To a stirred solution of 5-bromopicolinaldehyde (2 g, 10.7
mmol) in toluene (80 mL) and isopropanol (40 mL) was
added 4-(ethoxycarbonyl)phenyl)boronic acid (4.17 g, 21.5
mmol), 2M Na,CO, (30 mL) and Pd(PPh,), (124 mg, 0.1
mmol). The reaction was purged with argon and heated at 70°
C. for about 5 h. The reaction mixture was concentrated and
diluted with water (200 mL), extracted with ethyl acetate
(2x500 mL). The combined organic extracts were washed
with brine solution (50 mL), the organic layer was dried over
Na,SO, and concentrated under vacuum to obtain crude
product. The crude product was purified by flash chromatog-
raphy (silica gel, 60-120p) using 10% ethyl acetate in hexane
eluent to afford ethyl 4-(6-formylpyridin-3-yl)benzoate as an
off white solid (1.7 g, 62% yield). 'H NMR (400 MHz,
DMSO-dy): § 10.03 (s, 1H), 9.20 (d, 1H), 8.39 (dd, 1H), 8.08
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(d, 2H), 8.02 (d, 1H), 7.99 (d, 2H), 4.36-4.31 (m, 2H), 1.33 (1,
3H), LC-MS nv/z caled for [M+H]* 256.09. found 256.2.

Step 2: ethyl
4-(6-(1-hydroxypropyl)pyridin-3-yl)benzoate

O, — H
EtMgBr
\ / THF
/—O N o 0°C.,2h
— OH

\ g

Ethyl 4-(6-formylpyridin-3-yl)benzoate (500 mg, 1.9
mmol) in THF (15 mL) was cooled to 0° C., 3M Ethyl mag-
nesium bromide in diethyl ether (1.3 mL, 3.9 mmol) was
slowly added at 0° C., and the reaction mixture was stirred for
2 h at 0° C., while monitoring reaction progress by TL.C. The
reaction mixture was quenched with saturated NH,Cl solu-
tion (20 mL) and extracted with ethyl acetate (2x200 mL).
The combined organic extracts were washed with brine solu-
tion (10 mL), the organic layer was dried over Na,SO, and
concentrated under vacuum to obtain crude product. The
crude product was purified by flash chromatography (silica
gel, 60-120 microns) using 15% ethyl acetate in hexane elu-
ent to afford ethyl 4-(6-(1-hydroxypropyl)pyridin-3-yl)ben-
zoate as a brown liquid (250 mg, 44.8% yield). "H NMR (400
MHz, DMSO-d,): 0 8.84 (s, 1H), 8.13-8.11 (d, 1H), 8.04 (d,
2H), 7.87 (d, 2H), 7.57 (d, 1H), 5.33 (d, 1H), 4.57-4.53 (m,
1H), 4.35-4.30 (m, 2H), 1.89-1.76 (m, 1H), 1.68-1.34 (m,
1H), 1.24 (t, 3H), 0.86 (t, 3H), LC-MS m/z calcd for [M+H]"
286.14. found 286.2.

\_/

Step 3: ethyl 4-(6-(1-(1H-imidazol-1-y)propyl)pyri-
din-3-yl)benzoate

0 — OH
CDI
—_—
\ \ / NMP
o N 160° C.,
10h

o

To a stirred solution of ethyl 4-(6-(1-hydroxypropyl)pyri-
din-3-yl)benzoate (300 mg, 1 mmol) in NMP (3 mL) was
added 1,1-carbonyl diimidazole (1.36 g, 8.4 mmol) and the
reaction was refluxed at 160° C. for about 10 h. The reaction
mixture was concentrated, diluted with water (200 mL), and
extracted with ethyl acetate (2x200 ml.). The combined
organic extracts were washed with brine solution (10 mL), the
organic layer was dried over Na,SO, and concentrated under
vacuum to obtain crude product. The crude product was puri-
fied by prep TLC method using 5% methanol in DCM
afforded ethyl 4-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-
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yl)benzoate as brown liquid (65 mg, 22.7% yield). "H NMR
(400 MHz, DMSO-d,): 8 8.93 (d, 1H), 8.13 (dd, 1H), 8.03 (d,
2H),7.87 (d,2H),7.81 (s, 1H),7.41 (d, 1H), 7.31 (s, 1H), 6.90
(s, 1H), 5.41-5.37 (m, 1H), 4.35-4.29 (m, 2H), 2.34-2.19 (m,
2H), 1.32 (t,3H), 0.81 (t, 3H), LC-MS m/z calcd for [M+H]*
336.16. found 336.2.

Example 6

4-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-yl)ben-
zoic acid

N

0 — g/J LiOH

THF/

\_/ oy

o} N )

/- .

o _
i \_/

To a stirred solution of ethyl 4-(6-(1-(1H-imidazol-1-yl)
propyl)pyridin-3-yl)benzoate (25 mg, 0.07 mmol; prepared
as described in Example 5) in THF (2 mL) and water (1 mL)
was added LiOH (6 mg, 0.14 mmol) at rt and the reaction was
stirred at rt for about 4 h. The reaction mixture was neutral-
ized with 1N HCI (pH=6) and extracted with ethyl acetate
(2x100 mL). The combined organic extracts were washed
with brine solution (10 mL), the organic layer was dried over
Na,SO, and concentrated under vacuum to obtain crude
product. The crude product was purified by prep TLC using
5% methanol in DCM to provide 4-(6-(1-(1H-imidazol-1-yl)
propyl)pyridin-3-yl)benzoic acid as an off white solid (12
mg, 54.5% yield). 'HNMR (400 MHz, DMSO-d,): 8 8.92 (s,
1H), 8.14 (dd, 1H), 8.01 (d, 2H), 7.83 (d, 3H), 7.40 (d, 1H),
7.31 (s, 1H), 6.90 (s, 1H), 5.39 (s, 1H), 2.34-2.19 (m, 2H),
0.81 (t, 3H), LC-MS m/z caled for [M+H]* 308.13. found
308.1.

Example 7

2-(1-(1H-imidazol-1-yl)propyl)-5-(3-methoxyphe-

nyl)pyridine
=z | N /\N
/O N N T
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Step 1: 5-(3-methoxyphenyl)picolinaldehyde

MeO
Pd[P(Ph)3]4
Na,CO3
—_—
Toluene, EtOH

Br 75-80°C.,4h

0

I
N

~

To a solution of 5-bromopicolinaldehyde (1.0 g, 5.43
mmol) in toluene (10 mL) and ethanol (8 mL) was added
(3-methoxyphenyl)boronic acid (1.2 g, 8.1 mmol), 2M
sodium carbonate (3.4 g, 32.6 mmol, 8 mL. water), Pd(PPh,),,
(0.228 g, 0.25 mmol) under argon. The resulting mixture was
heated at 75-80° C., for 4 h. The contents were cooled to room
temperature, diluted with ethyl acetate (150 mL) and washed
with bicarbonate solution (2x100 mL) and brine solution
(2x100 mL). The organic layer was dried over sodium sul-
phate, which was distilled offto obtain the crude product. The
crude product was purified by flash chromatography (100-
200 microns; 15% ethyl acetate in hexane) to afford 5-(3-
methoxyphenyl)picolinaldehyde (0.75 g, 65% vyield). 'H
NMR (400 MHz, DMSO-dy): 8 10.02 (s, 1H), 9.14 (s, 1H),
8.33 (d, 1H), 7.98 (d, 1H), 7.45 (t, 1H), 7.38 (d, 2H), 7.03 (d,
1H), 3.84 (s, 3H); LC-MS nv/z calculated for [M+H]" 214.08
found, 214.3.

Step 2: 1-(5-(3-methoxyphenyl)pyridin-2-yl)propan-

1-0l
7 | \O
N
= EtMgBr
THF
-40°C.toRT, 2 h
@)
~
7 | OH
\ N
@)
~

To a solution of 5-(3-methoxyphenyl)picolinaldehyde
(0.75 g, 3.5 mmol), in THF (7 mL) was added methyl mag-
nesium bromide (0.17 g, 8.8 mmol) under nitrogen at -40° C./
The reaction was brought to rt and then stirred at rt for 2 h. The
contents were diluted with ethyl acetate (150 mL.), quenched
with ammonium chloride solution (100 mL), the organic
layer washed with brine solution (2x100 mL), the layers
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separated, the organic layer was dried over sodium sulphate
and distilled off to get the crude product. The compound was
purified by flash chromatography (100-200 microns; 15%
ethyl acetate in hexane) to give 1-(5-(3-methoxyphenyl)py-
ridin-2-yl)propan-1-ol (450 mg, 53% yield). "H NMR (400
MHz, DMSO-dy): 8 8.73 (s, 1H), 8.04 (d, 1H), 7.52 (d, 1H),
7.38 (1, 1H), 7.26 (s, 1H), 7.23 (d, 1H), 6.95 (d, 1H), 5.28 (d,
1H), 4.54 (q, 1H), 3.81 (s, 3H), 1.7 (m, 1H), 1.8 (m, 1H), 0.86
(t, 3H); LC-MS m/z calcd for [M+H]* 244.13. found 244.0.

Step 3:
2-(1-bromopropyl)-5-(3-methoxyphenyl)pyridine

\

PBr3
CHCl3

B —
0-RT,2h

/

\

/

<

To a solution of 1-(5-(3-methoxyphenyl)pyridin-2-yl)pro-
pan-1-0l (0.45 g, 1.8 mmol) in chloroform (5 mL) was added
PBr; (1.5 g, 5.55 mmol) at 0-5° C., the reaction was main-
tained at the same temperature for 1 h, and then the reaction
was slowly warmed to rt and maintained at this temperature
for 1 h. The contents were diluted with water (75 mL) and
chloroform (100 mL) and the layers were separated. The
organic layer was washed with bicarbonate solution (2x30
ml), dried over sodium sulphate and distilled to get the crude
product. The non-polar impurity was removed by pentane
washings (2x7 ml) to provide 2-(1-bromopropyl)-5-(3-
methoxyphenyl)pyridine (0.45 g, crude). LC-MS m/z calcd
for [M+H]* 306.04. found 306.0.

Step 4: 2-(1-(1H-imidazol-1-yl)propyl)-5-(3-methox-

yphenyl)pyridine
HN/\N
= | Br \ - /
N K,CO3

DMF, 50°C.,3 h
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=
[ O
\ N .
N

To a solution of imidazole (0.2 g, 2.9 mmol) in DMF (5
ml.) was added potassium carbonate (0.4 g, 2.9 mmol) and
2-(1-bromopropyl)-5-(3-methoxyphenyl)pyridine under
nitrogen and the reaction was heated to 50° C. for 3 h. The
contents were cooled to rt, diluted with water (100 mL) and
extracted with ethyl acetate (2x100 mL). The layers were
separated, the organic layer was washed with brine solution
(2x30 mL), dried over sodium sulphate and distilled off to get
the crude product. The product was purified by preparative
TLC (2000y; pure ethyl acetate) to provide 2-(1-(1H-imida-
zol-1-yl)propyl)-5-(3-methoxyphenyl)pyridine (50 mg, 12%
yield). "H NMR (400 MHz, DMSO-d,): 8 8.86 (s, 1H), 8.09
(d, 1H), 7.81 (s, 1H), 7.40 (m, 2H), 7.36 (s, 1H), 7.25 (d, 2H),
6.97 (d, 1H), 6.89 (s, 1H), 5.37 (g, 1H), 3.80 (5, 3H), 2.25 (m,
2H), 0.82 (t, 3H); LC-MS m/z caled for [M+H]* 294.15.
found 294.2.

Example 8
3-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-yl)phe-
nol
Z N
| ON BBr;, DCM
N = 0-RT, 2 h
~
= | N /\N
\ N e
OH

To a solution of 2-(1-(1H-imidazol-1-yl)propyl)-5-(3-
methoxyphenyl) pyridine (0.05 g, 0.17 mmol; prepared as
described in Example 7) in dichloromethane (1 mL) was
added BBr; (0.064 g, 0.25 mmol) under nitrogen at 0° C. The
reaction was stirred at this temperature for 1 h, allowed to
warm to rt and then maintained at rt for another 1 h. The
contents were diluted with dichloromethane (100 mL) and
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then distilled off to obtain crude product. Ice-cold water (100
ml) and dichloromethane (50 mL) were then added to the
crude product, the mixture was shaken, and the DCM layer
was discarded since the product was in the aqueous layer. To
this aqueous layer was added ethyl acetate (100 ml.) and
saturated sodium bicarbonate solution (150 mL). The organic
phase was washed with brine solution (2x50 mL), the layers
were separated, and the organic layer was dried over sodium
sulphate and distilled off to get the crude product. The product
was recrystallized with dichloromethane and hexane to give
3-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-yl)phenol (20
mg, 42% yield). "H NMR (400 MHz, DMSO-dy): 8 9.59 (s,
1H),8.78 (d, 1H),7.99(d, 1H),7.92 (s, 1H), 7.36 (d, 2H), 7.26
(t, 1H), 7.09 (d, 1H), 7.08 (s, 1H), 6.95 (s, 1H), 6.81 (d, 1H),
5.38(q, 1H), 2.33 (m, 2H), 0.81 (t, 3H); LC-MS m/z calcd for
[M+H]* 280.14. found 280.0.

Example 9

4-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-yl1)-N-
methylbenzamide

1O

=N N

NH

Step 1:
4-(6-formylpyridin-3-y1)-N-methylbenzamide

o HO —_—
\
/B
\ H HO 0
N Pd(PPh3)s,
Br a 2M Na,COs
Toluene/EtOH
100°C.,1h
0
\ H
=N
o)
NH

To a solution of 5-bromopicolinaldehyde (0.25 g, 1.34
mmol) in toluene (6 mL) and EtOH (5 mL) was added (4-
(methylcarbamoyl)phenyl)boronic acid (0.36 g, 2.0 mmol),
2M Na,CO, (2.5 mL, 4.03 mmol) and Pd(PPh,), (0.24 g, 0.2
mmol) under argon. The mixture was degassed, heated to
100° C., and stirred for 1 h. After completion of the reaction
by monitoring with TLC (80% EtOAc\hexane), the resulting
mixture was filtered using Celite® reagent. The filtrate was
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separated, concentrated, extracted with EtOAc (2x100 mL),
washed with water (100 mL), dried over Na,SO, and concen-
trated in vacuo. The resulting residue was purified by column
chromatography (silica gel 100-200p) using 60% ethyl
acetate in hexane and isolated as a yellow solid (0.22 g, 62%
yield). "H NMR (400 MHz, DMSO-d,): 8 10.0 (s, 1H), 9.20
(s, 1H), 8.53 (s, 2H), 8.39 (d, 2H), 7.9 (m, 3H); LC-MS: nv/z
241.4 [M+H]*.

Step 2: 4-(6-(1-hydroxypropyl)pyridin-3-yl)-N-me-
thylbenzamide
(€]
AN -
= N EtMgBr\THF
-30°C.-RT,3h
O,
NH
-~
\ on
/ N
O,
NH
~

To a solution of 4-(6-formylpyridin-3-y1)-N-methylbenza-
mide (0.2 g, 0.8 mmol) in THF (15 mL) at -30° C. was slowly
added 3.0 M ethyl magnesium bromide in diethyl ether (0.9
ml, 2.4 mmol) and the reaction mixture was stirred at rt for 3
h. After completion of the reaction as monitored with TLC
(5% MeOH\DCM), the reaction mixture was quenched with
sat’d. NH,CI (50 mL) solution. The reaction mixture was
extracted with EtOAc (3x50 mL), washed with water (2x50
ml), dried over Na,SO, and concentrated in vacuo. The
resulting residue was purified by column chromatography
(silica gel 230-400p) using 2% methanol in dichloromethane.
The product was isolated as a yellow solid (0.1 g, 45% yield).
'"HNMR (400 MHz, DMSO-d,): 8 8.82 (d, 1H), 8.46 (d, 1H),
8.11(dd, 1H), 7.92 (d, 2H), 7.80 (d, 2H), 7.51 (d, 1H), 5.30 (d,
1H), 4.54 (q, 1H), 2.78 (d, 3H), 1.79 (m, 1H), 1.63 (m, 1H),
0.85 (t, 3H).

Step 3: 1-(5-(4-(methylcarbamoyl)phenyl)pyridin-2-
yDpropyl methanesulfonate

0
A oH g
-~ \\\c1
=N o
EtN
o DCM, RT, 1 h
NH
/
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-continued

/NH

4-(6-(1-Hydroxypropyl)pyridin-3-yl)-N-methylbenza-

mide (0.02 g 0.074 mmol) and triethylamine (0.01 mL, 0.14
mmol) were dissolved in DCM (5 mL) and cooled to 0° C. To
this solution was drop-wise added a solution of methane-
sulfonyl chloride (0.02 mL, 0.14 mmol) over 1 h and the
mixture stirred at room temperature until the reaction was
deemed complete by TLC (5% MeOH\DCM). The reaction
was poured into water (50 mL), and the aqueous layer was
extracted with dichloromethane (2x50 mL). The combined
organic extract was washed with brine, dried over Na,SO,
and concentrated in vacuo to give the mesylate product as a
yellow viscous liquid (0.02 g, 80% yield). 'H NMR (400
MHz, DMSO-d,): 8 8.94 (d, 1H), 8.48 (d, 1H), 8.19 (dd, 1H),
7.94 (d, 2H), 7.84 (d, 2H), 7.59 (d, 1H), 5.59 (t, 1H), 3.14 (s,
3H), 2.79 (d, 3H), 2.05 (d, 3H), 0.89 (t, 3H). LC-MS: m/z
349.5 [M+H]*.

Step 4: 4-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-
y1)-N-methylbenzamide

==

N

0 \%N
—_—

é EiN

\\o DCM, 50°C. 3 h

x

0

=N N

/NH

A mixture of 1-(5-(4-(methylcarbamoyl)phenyl)pyridin-
2-yD)propyl methanesulfonate (0.02 g, 0.057 mmol), 1H-imi-
dazole (0.008 g, 0.114 mmol) and triethylamine (0.03 mL,
0.114 mmol) in DCM (10 mL.) was stirred and refluxed at 50°
C. for 3 h. The mixture was then cooled to room temperature,
poured out into ice water (50 mL) and extracted with DCM
(2x50 mL). The organic layer was separated, dried (Na,SO,),
and the solvent was evaporated under vacuo. The resulting
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residue was purified by preparative TLC using 5% methanol
in dichloromethane and the product isolated as off white solid
(0.007 g, 39% yield). 'H NMR (400 MHz, DMSO-d,): 8 8.91
(d, 1H), 8.46 (d, 1H), 8.12 (d, 1H), 7.91 (d, 2H), 7.80 (d, 3H),
7.39(d, 1H), 7.31 (s, 1H), 6.89 (s, 1H), 5.37 (t, 1H),2.78 (d, 5
3H), 2.27 (m, 2H), 0.89 (t, 3H). LC-MS: m/z 321.5 [M+H]".

Example 10
4-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-yl)ben- 10
zamide
15
/ | N /\N
~" \\/ 20
HN
© 25
Step 1: 4-(6-formylpyridin-3-yl)benzamide
30
gl
+
N
Br Z 35
HN o)
Pd[P(Ph)s]4
Na,CO;3
_——

75-80°C.,6h 40

Toluene

Ethanol

B
1o~ oH
45
/ | \O
N N
50
H,N
(6]

55

To a solution of 5-bromo picolinaldehyde (0.7 g, 3.76
mmol) in toluene (100 mL) and ethanol (75 mL.) was added
(4-carbamoylphenyl)boronic acid (1.24 g, 7.52 mmol), 2M
sodium carbonate (2.8 g, 2632 mmol, 6 ml water),
Pd(PPh,), (0.217 g, 0.188 mmol) under argon. The resulting
mixture was heated at 75-80° C., for 6 h. The contents were
cooled to room temperature, diluted with ethyl acetate (150
ml) and washed with bicarbonate solution (2x100 mL) and
brine solution (2x100 mL). The organic layer was dried over
sodium sulphate and distilled off to obtain the crude product.
The crude product was purified by flash chromatography
(100-200p; 35% ethyl acetate in hexane) to afford 4-(6-

60

65
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formylpyridin-3-yl)benzamide (0.53 g, 62% yield). 'H NMR
(400 MHz, DMSO-d,): 8 10.03 (s, 1H), 9.20 (s, 1H), 8.39 (d,
1H), 8.07 (s, 1H), 8.03 (d, 3H), 7.93 (d, 2H), 7.44 (s, 1H).

Step 2:
4-(6-(1-hydroxypropyl)pyridin-3-yl)benzamide

/ | \O
~ N
EtMgBr
N THF
0-5°C.,3h
0
= | oH
N
LN
o

To a solution of 4-(6-formylpyridin-3-yl)benzamide (0.30
g, 1.32 mmol), in THF (30 mL.) was added ethyl magnesium
bromide (0.53 g, 3.97 mmol, 3M in diethyl ether) under
nitrogen at 0° C. and the contents were stirred for 3 h at the
same temperature. The contents were diluted with ethyl
acetate (150 mL), quenched with ammonium chloride solu-
tion (100 mL), the organic layer washed with brine solution
(2x100 mL), the layers separated, the organic layer dried over
sodium sulphate and distilled off to get the crude product. The
compound was purified by flash chromatography (100-200
micron; 60% ethyl acetate in hexane) to give 4-(6-(1-hydrox-
ypropyl)pyridin-3-yl)benzamide (0.17 g, 51% vyield). 'H
NMR (400 MHz, DMSO-d,): d 8.83 (s, 1H), 8.10 (dd, 1H),
8.00 (s, 1H), 7.97 (d, 2H), 7.79 (d, 2H), 7.55 (d, 1H), 7.36 (s,
1H), 5.30 (d, 1H), 4.53 (q, 1H), 1.17 (m, 1H), 1.65 (m, 1H),
0.86 (t, 3H); LC-MS m/z caled for [M+H]* 257.31. found
257 .4.

Step 3: 4-(6-(1-bromopropyl)pyridin-3-yl)benzamide

= OH
| PBI‘3
N CHCl;
0-RT,3 h

H,N



US 9,199,975 B2

41
-continued
/ | Br
\ N
H,N
(@]

To a solution of 4-(6-(1-hydroxypropyl)pyridin-3-yl)ben-
zamide (0.1 g, 0.39 mmol) in chloroform (15 mL) was added
PBr; (0.316 g, 1.17 mmol) at 0-5° C. The solution was main-
tained at the same temperature for 1 h, was slowly warmed to
rt and maintained at rt for another 2 h. The contents were
diluted with water (75 mL) and chloroform (100 mL), the
layers separated, the organic layer was washed with bicarbon-
ate solution (2x30 mL), and the organic layer was dried over
sodium sulphate and distilled off to get the crude product. The
non-polar impurity was removed by pentane washings (2x7
ml) to provide 4-(6-(1-bromopropyl)pyridin-3-yl)benza-
mide (0.12 g, crude). LC-MS nv/z calcd for [M+H]" 321.03.
found 321.0.

Step 4: 4-(6-(1-(1H-imidazol-1-y)propyl)pyridin-3-

yl)benzamide
HN/\N
/ | Br \—/
K,COs
N
x DMF, 6 h
70-75° C.
ILN.
(@]
= | N /\N
\ N \\/
ILN.
(@]

To a solution of imidazole (0.077 g, 1.12 mmol), in DMF
(15 mL) was added potassium carbonate (0.26 g, 1.87 mmol)
and  4-(6-(1-bromopropyl)pyridin-3-yl)benzamide under
nitrogen and the solution was heated to 55-60° C. for 6 h. The
contents were cooled to rt, diluted with water (100 mL),
extracted with ethyl acetate (2x100 mL), the layers separated,
the organic layer washed with brine solution (2x30 mL.), the
organic layer dried over sodium sulphate and distilled off to
get the crude product. The product was purified by prepara-
tive TLC (2000; 5% methanol in ethyl acetate) to give 4-(6-
(1-(1H-imidazol-1-yD)propyl)pyridin-3-yl)benzamide (15
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mg, 13% yield). "H NMR (400 MHz, DMSO-dy): 8 8.92 (s,
1H), 8.13 (d, 1H), 8.11 (s, 1H), 7.97 (d, 2H), 7.80 (t, 3H), 7.40
(d, 2H),7.31 (s, 1H), 6.89 (s, 1H), 5.38 (q, 1H), 2.27 (m, 2H),
0.82 (t, 3H); LC-MS m/z caled for [M+H]* 307.37. found
307.3.

Example 11

2-(1-(1H-imidazol-1-yl)propyl)-5-(4-((meth-
oxymethoxy)methyl)-phenyl)pyridine

7N

Step 1: 5-(4-(hydroxymethyl)phenyl)picolinaldehyde

HO OH
O /
| B
AN OH
| Pd(PPhy)s,
PA 2M N,CO;3
Br Toluene/EtOH
100°C.,2h
J
[
=N
HO

To a solution of S5-bromopicolinaldehyde (0.7 g, 3.76
mmol) in toluene (8 mL) and EtOH (6 mlL) was added (4-
(hydroxymethyl)phenyl)boronic acid (0.68 g, 4.516 mmol),
2M Na,CO; (5.6 mL, 11.3 mmol) and Pd(PPh,), (0.2 mg,
0.188 mmol) under argon. The mixture was degassed and
heated to 100° C. and stirred for 2 h. After completion of the
reaction by monitoring with TLC (60% EtOAc\hexane), the
resulting mixture was filtered with Celite® reagent and the
filtrate was separated. The filtrate was concentrated, extracted
with EtOAc (2x100 mL), washed with water (100 mL), dried
over Na,SO, and concentrated in vacuo. The resulting residue
was purified by a Biotage Isolera® One column purifier
(silica gel 100-200u) using 38% ethyl acetate in hexane to
provide a yellow solid (0.6 g, 75% yield). '"H NMR (400
MHz, DMSO-d,): 8 10.01 (s, 1H), 9.14 (d, 1H), 8.306 (dd,
1H),7.98(d, 1H),7.80(d, 2H), 7.47 (d, 2H), 5.25 (s, 1H), 4.56
(d, 2H); LC-MS: m/z 214.3 [M+H]".
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Step 2: 5-(4-((methoxymethoxy)methyl)pheny!)pi-
colinaldehyde
J
S O Cl

D

a DCM/DIPEA

0°C.-RT,2h

HO.
J
@
= N
~ONA

To a solution of 5-(4-(hydroxymethyl)phenyl)picolinalde-
hyde (0.6 g, 2.81 mmol) in DCM (15 mL) at 0° C. was added
diisopropylethyl amine (1.5 mL, 8.4 mmol), followed by
chloro(methoxy)methane (1.0 mL, 14.08 mmol). The reac-
tion mixture was stirred at 0° C. for 3 h. After completion of
the reaction by monitoring with TLC (30% EtOAc\hexane),
the reaction mixture was extracted with dichloromethane
(2x100 mL), washed with water (100 mL), dried over
Na,SO, and concentrated in vacuo. The resulting residue was
purified by a Biotage Isolera® One column purifier (silica gel
100-200p) using 13% ethyl acetate in hexane and the product
isolated as a yellow viscous liquid (0.36 g, 50% yield). 'H
NMR (400 MHz, DMSO-d,): 8 10.01 (s, 1H), 9.14 (s, 1H),
8.32 (dd, 1H), 7.996 (d, 1H), 7.83 (d, 2H), 7.50 (d, 2H), 4.67
(s, 2H), 4.60 (s, 2H), 3.28 (s, 3H); LC-MS: m/z 258.1
[M+H]™".

Step 3: 1-(5-(4-((methoxymethoxy )methyl)phenyl)
pyridin-2-yl)propan-1-ol
J
@
N EtMgBy/THF
—_—
0°C.-RT,3h
O O
N
N on
. N
O O
N

To a solution of 5-(4-((methoxymethoxy)methyl)phenyl)
picolinaldehyde (0.36 g, 1.4 mmol) in THF (15 mL) at 0° C.
was slowly added 3.0-M ethyl magnesium bromide in diethyl
ether (1.4 mL, 4.2 mmol) was added. The reaction mixture
was stirred at 0° C. for 3 h. After completion ofthe reaction by
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monitoring with TLC (50% FEtOAc\hexane), the reaction
mixture was quenched with sat’d. NH,CI (50 mL) solution.
The reaction mixture was extracted with EtOAc (3x50 mL),
washed with water (2x50 mL), dried over Na,SO, and con-
centrated in vacuo. The resulting residue was purified by a
Biotage Isolera® One column purifier (silica gel 230-400p)
using 33% ethyl acetate in hexane and the product isolated as
a yellow solid (0.15 g, 37% yield). "H NMR (400 MHz,
DMSO-d,): 8 8.76 (d, 1H), 8.04 (dd, 1H), 7.69 (d, 2H), 7.53
(d, 1H), 7.44 (d, 2H), 4.66 (s, 2H), 4.57 (s, 2H), 3.30 (s, 3H),
1.79 (m, 1H), 1.65 (m, 1H), 0.862 (t, 3H); LC-MS: m/z 288.5
[M+H]".

Step 4: 1-(5-(4-((methoxymethoxy )methyl)phenyl)
pyridin-2-yl)propylmethane-sulfonate

0
g
AN OH _- \(\)\ -
N
& BN
THF, RT 4 h
_O_O
0 o
/ \/

1-(5-(4-((methoxymethoxy )methyl)phenyl)pyridin-2-y1)

propan-1-ol (0.1 g 0.348 mmol) and triethylamine (0.1 mL,,
1.39 mmol) were dissolved in THF (15 mL) and cooled to 0°
C. To this solution was added drop-wise a solution of meth-
anesulfonyl chloride (0.1 mL, 1.39 mmol) over 4 h. The
reaction was then stirred at room temperature until the reac-
tion was deemed complete by TLC (50% EtOAc\hexane).
The reaction was then poured into water (50 mL) and the
aqueous layer was extracted with ethyl acetate (2x50 mL).
The combined organic extract was washed with brine, dried
over Na,SO, and concentrated in vacuo to give the mesylate
product as a yellow viscous liquid (0.1 g, 83% yield). 'H
NMR (400 MHz, DMSO-d,): § 8.998 (s, 1H), 8.4 (d, 1H),
7.79 (q, 3H), 7.48 (d, 2H), 5.73 (t, 1H), 4.66 (s, 2H), 4.58 (s,
2H), 3.32 (s, 3H), 3.20 (s, 3H), 2.02 (m, 2H), 0.91 (t, 3H).
LC-MS: m/z 366.1 [M+H]*.

Step 5: 2-(1-(1H-imidazol-1-yl)propyl)-5-(4-((meth-
oxymethoxy)methyl)phenyl)-pyridine

/\|

HN

\=N
EtzN

O THF,65°C. 121

NS
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-continued

/O\/O

A mixture of 1-(5-(4-((methoxymethoxy)methyl)phenyl)
pyridin-2-yl)propyl methanesulfonate (0.1 g, 0.27 mmol),
1H-imidazole (0.037 g, 0.54 mmol) and triethylamine (0.07
ml, 0.54 mmol) in THF (15 mL) was stirred and refluxed at
65° C. for 12 h, cooled to room temperature, poured into ice
water (50 mL) and extracted with EtOAc (2x50 mL). The
organic layer was separated, dried (Na,SO,), and the solvent
was evaporated under vacuo. The resulting residue was puri-
fied by preparative TLC using 5% methanol in dichlo-
romethane and isolated as light green viscous liquid (0.04 g,
44% yield). "H NMR (400 MHz, DMSO-dy): 8 8.86 (s, 1H),
8.06 (dd, 1H), 7.81 (s, 1H), 7.69 (d, 2H), 7.44 (d, 2H), 7.37 (d,
1H),7.30 (s, 1H), 5.36 (q, 1H), 4.65 (s, 2H), 4.56 (s, 2H), 3.30
(s, 3H), 2.25 (m, 2H), 0.81 (t, 3H). LC-MS: m/z 338.2
[M+H]™".

Example 12
2-(1-(1H-imidazol-1-yl)ethyl)-5-(4-fluorophenyl)
pyridine

T
N N \\/

Step 1: 1-(5-(4-fluorophenyl)pyridin-2-yl)ethanone

/OH
Br F _< >_ B
\ \
OH
N/ Pd[P(Ph);]4
75-80°C.,6 h
0 Na,CO3
Toluene/EtOH
(¢]
/ |
N N

To a solution of 1-(5-bromopyridin-2-yl)ethanone (1.0 g,
4.99 mmol) in toluene (100 mL) and ethanol (50 mL) was
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added 4-fluoro phenyl-boronic acid (1.4 g, 9.99 mmol), 2M
sodium carbonate (3.7 g, 34.99 mmol, 12 ml water),
Pd(PPh,), (0.228 g, 0.25 mmol) under argon. The resulting
mixture was heated at 75-80° C. for 6 h. The contents were
cooled to room temperature, diluted with ethyl acetate (150
ml), and washed with bicarbonate solution (2x100 mL.) and
brine solution (2x100 mL). The organic layer was dried over
sodium sulphate and distilled off to obtain the crude product.
The product was purified by flash chromatography (100-
200u; 35% ethyl acetate in hexane) to afford 1-(5-(4-fluo-
rophenyl)pyridin-2-yl)ethanone (0.75 g, 66% yield). 'H
NMR (400 MHz, DMSO-dy): 8 9.12 (s, 1H), 8.25 (dd, 1H),
8.00 (d, 1H), 7.86 (m, 2H), 7.36 (t, 2H), 2.65 (s, 3H); LC-MS
m/z calculated for [M+H]* 216.23 found, 216.0.

Step 2: 1-(5-(4-fluorophenyl)pyridin-2-yl)ethanol

0
= | NaBH,
MeOH
N
x 0-5°C.,2h
F
= | OH
N
F

To a solution of 1-(5-(4-fluorophenyl)pyridin-2-yl)etha-
none (0.75 g, 3.48 mmol) in MeOH (20 mL) was added
NaBH, (0.264 g, 6.97 mmol) and the contents stirred at 0-5°
C. for 2 h. The mixture was diluted with ethyl acetate (150
ml) and then washed with ammonium chloride solution
(2x50 mL) and brine solution (2x100 mL). The organic layer
was dried over sodium sulphate and distilled off to obtain the
crude compound. The crude product was purified by flash
chromatography (230-400; 35% ethyl acetate in hexane) to
afford 1-(5-(4-fluorophenyl)pyridin-2-yl)ethanol (0.45 g,
60% yield). 'H NMR (400 MHz, DMSO-dy): 8 8.74 (s, 1H),
8.03 (dd, 1H), 7.74 (1, 2H), 7.56 (d, 1H), 7.30 (t, 2H), 5.35 (d,
1H), 4.74 (q, 1H), 1.38 (d, 3H); LC-MS m/z calcd for [M+H]*
218.25. found 218.0.

Step 3: 2-(1-(1H-imidazol-1-yl)ethyl)-5-(4-fluo-

rophenyl)pyridine
“ ol
| CDI, NMP
_—
N 160°C.,4h

F
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-continued

To a solution of 1-(5-(4-fluorophenyl)pyridin-2-yl)ethanol
(0.350 g, 1.61 mmol) in NMP (10 mL.) was added CDI (1.35
g, 8.37 mmol) under nitrogen and the mixture heated to 160°
C. for 4 h. The contents were cooled to rt, diluted with ethyl
acetate (100 mL), washed with ice-cold water (2x100 mL),
bicarbonate (2x50 ml.) and brine solution (2x50 mL), the
layers separated, the organic layer dried over sodium sulphate
and distilled off to provide the crude product. The product
was purified by preparative TL.C using (2000u; 5% methanol
in ethyl acetate) to give 2-(1-(1H-imidazol-1-yl)ethyl)-5-(4-
fluorophenyl)pyridine (80 mg, 19% yield). 'H NMR (400
MHz, DMSO-dy): 8 8.83 (s, 1H), 8.04 (d, 1H), 7.81 (s, 1H),
7.74 (1, 2H), 7.28 (m, 4H), 6.90 (s, 1H), 5.64 (q, 1H), 1.81 (d,
3H); LC-MS m/z calcd for [M+H]* 268.31. found 268.2.

Step 4: 2-(1-(1H-imidazol-1-yl)ethyl)-5-(4-fluo-
rophenyl)pyridine hydrochloride salt

Z | N /\N HCl
N \\/ Diethyl Ether
—_—
x 0-RT,2h
F
/ | N /\N
N N \\/
HCI
F

To a solution of 2-(1-(1H-imidazol-1-yl)ethyl)-5-(4-fluo-
rophenyl)pyridine (0.13 g, 0.486 mmol) in diethyl ether (15
ml) was added HCI (0.3 mL, 3M solution in diethyl ether)
under nitrogen at 0° C. The mixture was stirred at the same
temperature for 1 h, warmed to rt and maintained at rt for
another 2 h. The solid material was filtered, pentane washed
(2x7 mL) and dried to obtain the hydrochloride salt of 2-(1-
(1H-imidazol-1-yl)ethyl)-5-(4-fluorophenyl)pyridine as an
off-white solid (0.12 g, 82% yield). 'H NMR (400 MHz,
DMSO-dy): 8 14.7 (brs, 1H), 9.38 (s, 1H), 8.83 (s, 1H), 8.14
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(d, 1H), 7.86 (s, 1H), 7.77 (t, 2H), 7.64 (s, 1H), 7.57 (d, 1H),
7.32(t,2H), 5.95 (q, 1H), 1.91 (d, 3H); LC-MS m/z calcd for
[M+H]* 268.31. found 268.4.

Example 13

2-(1-(1H-imidazol-1-yl)ethyl)-5-(furan-3-yl)pyridine

Step 1: 1-(5-(furan-3-yl)pyridin-2-yl)ethanone

“
B—on
0 |
0
I CH;  NayCOj, Pd(PPhs)y
N Toluene, EtOH
Br # 100°C.,4h
0
7 | CH;
N
0

To a solution of 1-(5-bromopyridin-2-yl)ethanone (0.5 g,
2.5 mmol) in toluene (10 mL) and ethanol (5 mL.) was added
furan-3-ylboronic acid (0.335 g, 3.0 mmol) and a 2 M solu-
tion of aq. Na,CO;. The reaction mixture was degassed with
argon, Pd(PPh,), (0.144 g, 0.125 mmol) was added, the reac-
tion mixture was degassed with argon for 10 min, and the
reaction was heated to 100° C. for 4 h. The reaction mixture
was evaporated under vacuum to remove the ethanol, diluted
with water (30 mL), extracted with ethyl acetate (100 mL),
dried over sodium sulphate, filtered and evaporated under
reduced pressure to obtain crude product. The crude product
was purified by Biotage Isolera® One column (using 10%
ethyl acetate and hexane) to give 1-(5-(furan-3-yl)pyridin-2-
yl)ethanone (0.35 g, 74% yield); 'H NMR (400 MHz,
DMSO-dy): 6 9.00 (s, 1H), 8.44 (s, 1H), 8.20-8.17 (m, 1H);
7.95(d, 1H), 7.83 (s, 1H), 7.13 (s, 1H), 2.57 (s, 3H): LC-MS
m/z caled for [M+H]* 187.06. found 188.0.
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Step 2: 1-(5-(furan-3-yl)pyridin-2-yl)ethanol

0
7 | NaBH,
—_—
MeOH
N
x 0-1t,2h
0
oH
7 |
N
0

To a solution of 1-(5-(furan-3-yl)pyridin-2-yl)ethanone
(0.2 g, 1.0752 mmol) in MeOH (10 ml) was added sodium
borohydride (0.0795 g, 2.150 mmol) at 0° C., the reaction
mixture warmed to room temperature and was stirred for 2 h.
The reaction mixture was evaporated under reduced pressure
to remove the methanol, diluted with water (15 mlL),
extracted with ethyl acetate (200 mL), dried over sodium
sulphate and concentrated under reduced pressure to obtain
crude product. The crude product was purified by Biotage
Isolera® One column (using 20% ethyl acetate and hexane to
give 1-(5-(furan-3-yl)pyridin-2-yl)ethanol as a colorless lig-
uid (0.150 g, 73% yield). "H NMR (400 MHz, DMSO-dy): §
8.68 (s, 1H), 7.76 (t, 2H), 7.52 (s, 1H); 7.28 (t, 1H), 6.71 (s,
1H), 4.91 (d, 1H), 4.14-4.07 (m, 1H), 1.52 (d, 3H): LC-MS
m/z caled for [M+H]* 189.08. found 190.0.

Step 3: 2-(1-bromoethyl)-5-(furan-3-yl)pyridine

OH
/ PBI‘3
| CHCI
N 3
x 0O-it, 2 h
O
Br
/ |
N N
O

To a solution of 1-(5-(furan-3-yl)pyridin-2-yl)ethanol
(0.075 g, 0.403 mmol) in chloroform (5 ml) was added PBr;
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(0.321 g, 1.209 mmol), at 0-5° C., the reaction maintained at
the same temperature for 15 min, the reaction was slowly
warmed to rt and was maintained at rt for another 2 h. The
contents were diluted with ethyl acetate (100 mL), bicarbon-
ate solution (10 mL) was added, the organic layer was sepa-
rated, the organic layer dried over sodium sulphate and dis-
tilled to provide 2-(1-bromoethyl)-5-(furan-3-yl)pyridine
(0.075 g, 75% yield). LC-MS m/z caled for [M+H]* 253.99.
found 254.0.

Step 4: 2-(1-(1H-imidazol-1-yl)ethyl)-5-(furan-3-yl)

pyridine
Br
= | Imidazole
—_—
K,CO;3, DMF
N
= 80°C.,2h
O
= | N /B
<
\ N N
(0]

To a solution of imidazole (0.0404 g, 0.595 mmol) in DMF
(4 ml) was added potassium carbonate (0.123 g, 0.892 mmol)
and 2-(1-bromoethyl)-5-(furan-3-yl)pyridine (0.075 g, 0.297
mmol) under nitrogen and the mixture was heated to 70° C.
for 3 h. The contents were cooled to rt, sodium bicarbonate
was added, the product extracted with ethyl acetate (100 ml),
the organic layer was separated, the organic layer was dried
over sodium sulphate and concentrated to obtain the crude
product. The crude compound was purified by preparative
TLCusing (5% MeOH/DCM) to provide 2-(1-(1H-imidazol-
1-yDethyl)-5-(furan-3-yl)pyridine as a yellow liquid (0.020
g, 28% yield). 'H NMR (400 MHz, DMSO-d,): & 8.81 (s,
1H), 8.25 (s, 1H), 7.97 (s, 1H), 7.84 (s, 1H), 7.76 (s, 1H), 7.31
(s, 1H), 6.88 (d, 2H), 5.25 (t, 1H), 3.87 (s, 3H), 2.25-2.12 (m,
2H), 0.82 (t, 3H): LC-MS m/z calcd for [M+H]* 240.11.
found 240.4.

Example 14

4-(6-(1-(1H-imidazol-1-yl)ethyl)pyridin-3-yl)aniline

H,N
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Step 1: 1-(5-(4-nitrophenyl)pyridin-2-yl)ethanone

OH
Br 0N B/
\ \
OH
N/ Toluene/Ethanol
Pd(PPh3)s
(@] NazCO3
80°C./6 h

\__/

0N

To a stirred solution of 1-(5-bromopyridin-2-yl)ethanone
(100 mg, 0.5 mmol) in toluene (4 mL.) and ethanol (2 mL.) was
added (4-nitrophenyl)boronic acid (160 mg, 1 mmol), 2M
Na,COj; (1.4 mL), and Pd(PPh,), (6 mg, 0.005 mmol), the
reaction was purged with argon, and then heated at 80° C. for
about 6 h. The reaction mixture was concentrated, diluted
with water (50 mL), and extracted with ethyl acetate (2x100
mL). The combined organic extracts were washed with brine
solution (10 mL), organic layer was dried over Na,SO, and
concentrated under vacuum to obtain crude product. The
crude product was purified by flash chromatography (silica
gel, 60-120p) using 10% ethyl acetate in hexane eluent to
afford 1-(5-(4-nitrophenyl)pyridin-2-yl)ethanone as off
white solid (105 mg, 86% yield). 'H NMR (400 MHz,
DMSO-d,): 8 9.14 (s, 1H), 8.40-8.34 (m, 3H), 8.08 (dd, 3H),
2.67 (s, 3H), LC-MS m/z calcd for [M+H]" 243.07. found
243.2.

Step 2: 1-(5-(4-nitrophenyl)pyridin-2-yl)ethanol
- NaBH,
02N THF/Methanol
\ N/ 0 1t, 5 min
O>N y
\ N OH

To a stirred solution of 1-(5-(4-nitrophenyl)pyridin-2-yl)
ethanone (100 mg, 0.4 mmol) in THF (2 mL.) and methanol (2
ml.)was added NaBH,, (3 mg, 0.8 mmol) at rt and the reaction
was stirred at rt for about 5 min. The reaction mixture was
diluted with water (10 mL) and extracted with ethyl acetate
(2x100 mL). The combined organic extracts were washed
with brine solution (10 mL), organic layer was dried over
Na,SO, and concentrated under vacuum to obtain 1-(5-(4-
nitrophenyl)pyridin-2-yl)ethanol as off white solid (100 mg,
100% yield). 'H NMR (400 MHz, DMSO-d,): 8 8.88 (d, 1H),
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8.31(d, 2H), 8.19(dd, 1H), 8.01 (d, 2H), 7.64 (d, 1H), 5.43 (d,
1H), 4.78 (t, 1H), and 1.38 (t, 3H).

Step 3: 2-(1-bromoethyl)-5-(4-nitrophenyl)pyridine

PBr3
OaN \ Y, 0°C.tort
N OH 3h
OZNAQ_O_<
\ N Br

To a stirred solution of 1-(5-(4-nitrophenyl)pyridin-2-yl)
ethanol (95 mg, 0.3 mmol) in chloroform (3 ml) was added
PBr; (0.1 mL, 1.1 mmol) at 0° C. and the reaction was stirred
at0° C. for about 3 h. The reaction mixture was quenched with
saturated NaHCO; solution (10 mL) and extracted with DCM
(2x100 mL). The combined organic extracts were washed
with brine solution (10 mL), organic layer was dried over
Na,SO, and concentrated under vacuum to obtain crude 2-(1-
bromoethyl)-5-(4-nitrophenyl)pyridine as off brown liquid
(95 mg, 79% yield). "H NMR (400 MHz, DMSO-dy): 3 8.98
(d, 1H),8.31(d, 2H), 8.22 (dd, 1H), 8.01 (d, 2H), 7.70 (d, 1H),
5.55 (dd, 1H), 2.04 (d, 3H), LC-MS m/z caled for [M+H]*
309.00. found 309.3.

Step 4: 2-(1-(1H-imidazol-1-yl)ethyl)-5-(4-nitrophe-
nyl)pyridine

0

K>CO;
DMF

OZNAQ_O_<
\ N Br
50°CJ/1h

OZN—< >—<\_ N/>—< g
LA

To a stirred solution of 1H-imidazole (13 mg, 0.19 mmol)
in DMF (2 mL) was added 2-(1-bromoethyl)-5-(4-nitrophe-
nyl)pyridine (50 mg, 0.1 mmol) and K,CO;. The reaction was
heated at 50° C. for about 1 h. The reaction mixture was
diluted with water (20 mL) and extracted with ethyl acetate
(2x100 mL). The combined organic extracts were washed
with brine solution (10 mL), organic layer was dried over
Na,SO, and concentrated under vacuum to obtain crude
product. The crude product was purified by flash chromatog-
raphy (silica gel, 100-200p) using 2% methanol in DCM
eluent to afford 2-(1-(1H-imidazol-1-yl)ethyl)-5-(4-nitro-
phenyl)pyridine as off white solid (50 mg, 58% yield). 'H
NMR (400 MHz, DMSO-d,): § 8.97 (s, 1H), 8.31 (d, 2H),
8.22 (dd, 1H), 8.01 (d, 2H), 7.82 (s, 1H), 7.30 (t, 2H), 6.91 (s,
1H), 5.71-5.65 (m, 1H), 1.84 (d, 3H), LC-MS m/z calcd for
[M+H]* 295.11. found 295.4.
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Step 5: 4-(6-(1-(1H-imidazol-1-yl)ethyl)pyridin-3-
yDaniline

O:N 10% Pd/C

B —
Ethyl acetate
6h

S

N

HZN—< >—<\_N/>—< y
L

To a stirred solution of 2-(1-(1H-imidazol-1-yl)ethyl)-5-
(4-nitrophenyl)pyridine (255 mg, 0.86 mmol) in ethyl acetate
(10 mL) was added 10% Pd/C (about 50 mg), under nitrogen.
The reaction was stirred at rt for about 6 h under hydrogen.
The reaction mixture was filtered through a Celite® bed and
the filtrate was concentrated under vacuum to obtain crude
product. The crude product was purified by prep TLC method
using 3% methanol in DCM to provide 4-(6-(1-(1H-imida-
zol-1-yl)ethyl)pyridin-3-ylaniline as off white solid (160
mg, 70% yield). "H NMR (400 MHz, DMSO-dy): 8 8.71 (d,
1H), 7.87 (dd, 1H), 7.78 (s, 1H), 7.36 (d, 2H), 7.24 (s, 1H),
7.14 (d, 1H), 6.88 (s, 1H), 6.61 (t, 2H), 5.60-5.54 (m, 1H),
5.29 (s, 2H), 1.79 (d, 2H), LC-MS nv/z caled for [M+H]*
265.14. found 265.4.

Example 15

2-(1-(1H-imidazol-1-yl)ethyl)-5-(4-methoxyphenyl)
pyridine

Step 1:
1-(5-(4-methoxyphenyl)pyridin-2-yl)ethanone

OoH
\ /
0 B
0 \
oH
/ Toluene/Ethanol
| Pd(PPhs),
N Na,COj;
Br ~ 80° C./6 h
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-continued

\

o

To a stirred solution of 1-(5-bromopyridin-2-yl)ethanone
(1.0 g, 5.0 mmol) in toluene (30 mL) and ethanol (20 mL.) was
added (4-methoxyphenyl)boronic acid (1.52 g, 10 mmol), 2M
Na,CO, (14 mL), Pd(PPh,), (0.057 g, 0.05 mmol), the reac-
tion was purged with argon and heated at 80° C. for about 6 h.
The reaction mixture was concentrated, diluted with water
(100 mL), and extracted with ethyl acetate (2x300 mL). The
combined organic extracts were washed with brine solution
(20 mL), organic layer was dried over Na,SO, and concen-
trated under vacuum to obtain crude product. The crude prod-
uct was purified by flash chromatography (silica gel,
60-120u) using 10% ethy] acetate in hexane eluent to afford
1-(5-(4-methoxyphenyl)-pyridin-2-yl)ethanone as off white
solid (1 g, 88% yield). 'H NMR (400 MHz, DMSO-d,): §
8.99 (s, 1H), 8.20(d, 1H),7.96 (d, 1H), 7.76 (d, 2H), 7.027 (d,
2H),3.80 (s, 3H), 2.63 (s, 3H). LC-MS m/z calcd for [M+H]*
228.09. found 228.2.

Step 2: 1-(5-(4-methoxyphenyl)pyridin-2-yl)ethanol

\

NaBH,

—_—
THF, MeOH
t,1h

\

OH

To a stirred solution of 1-(5-(4-methoxyphenyl)pyridin-2-
yDethanone (1.5 g, 6.6 mmol) in THF (8 mL) and methanol (8
ml.) was added NaBH,, (0.4 g, 13.2 mmol) at 0° C. and the
reaction was stirred at rt for about 1 h. The reaction mixture
was diluted with water (100 mL), extracted with ethylacetate
(2x100 mL). The combined organic extracts were washed
with brine solution (10 mL), organic layer was dried over
Na,SO, and concentrated under vacuum to obtain 1-(5-(4-
methoxyphenyl)-pyridin-2-yl)ethanol as an off-white solid
(1.0 g, 66% yield). "H NMR (400 MHz, DMSO-d,): 8.72 (d,
1H), 7.84 (dd, 1H), 7.51 (d, 2H), 7.32 (d, 1H), 7.01 (d, 2H),
4.93 (s, 1H), 4.11 (d, 1H), 3.86 (s, 3H), 1.54 (d, 3H), LC-MS
m/z caled for [M+H]* 230.1. found 230.3.
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Step 3:
2-(1-bromoethyl)-5-(4-methoxyphenyl)pyridine

\

OH
PBI‘3

_—_—
CHCL, 0° C. to 1t
1h

O

\

Br

o

To a stirred solution of 1-(5-(4-methoxyphenyl)pyridin-2-
yDethanol (0.2 g, 0.8 mmol) in chloroform (4 mL) was added
PBr; (0.3 mL, 1.3 mmol) at 0° C. and the reaction was stirred
at0° C.tort for about 1 h. The reaction mixture was quenched
with saturated NaHCO; solution (10 mL) and extracted with
ethyl acetate (2x100 mL). The combined organic extracts
were washed with brine solution (10 mL), the organic layer
was dried over Na,SO, and concentrated under vacuum to
obtain crude product. The crude product was purified by flash
chromatography (silica gel, 60-120p) using 10% ethyl acetate
in hexane eluent to provide 2-(1-bromoethyl)-5-(4-methox-
yphenyl)pyridine (0.15 g, 58% yield). 'H NMR (400 MHz,
DMSO-d,): 8 8.76 (d, 1H), 7.84 (dd, 1H), 7.51 (dd, 3H), 7.01
(d, 2H), 5.32-5.26 (m, 1H), 3.86 (s, 3H), 2.11 (d, 3H), LC-MS
m/z caled for [M+H]™ 292.0. found 292.3.

Step 4: 2-(1-(1H-imidazol-1-yl)ethyl)-5-(4-methox-
yphenyl)pyridine

N
O
/ Br N
| i
N K>CO3, DMF
3h,50°C.
~o
x N/B
=N gN
~o

To a stirred solution of 1H-imidazole (0.069 g, 1.0 mmol)
in DMF (7 mL) was added 2-(1-bromoethyl)-5-(4-methox-
yphenyl)pyridine (0.150 g, 0.50 mmol) and K,CO; (354 mg,
2.5 mmol). The reaction was heated at 50° C. for about 3 h.
The reaction mixture was diluted with water (100 mL) and
extracted with ethyl acetate (2x100 ml.). The combined
organic extracts were washed with brine solution (10 mL), the
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organic layer was dried over Na,SO, and concentrated under
vacuum to obtain crude product. The crude product was puri-
fied by flash chromatography (silica gel, 100-200p) using 2%
methanol in DCM eluent to afford 2-(1-(1H-imidazol-1-yl)
ethyl)-5-(4-methoxyphenyl)pyridine as an oft-white solid
(0.1 g,69% yield). '"H NMR (400 MHz, DMSO-d,): 3 8.80(d,
1H), 7.99 (dd, 1H), 7.80 (s, 1H), 7.63 (d, 2H), 7.26 (s, 1H),
7.03 (d, 1H), 7.21 (d, 2H), 6.89 (s, 1H), 5.64-5.59 (m, 1H),
3.78 (s, 3H), 1.81 (d, 3H), LC-MS m/z calcd for [M+H]*
280.14. found 280.2.

Example 16

4-(6-(1-(1H-imidazol-1-yl)ethyl)pyridin-3-yl)phenol

o N/X BBr3, DCM
=N |%N i, 1h
o
AN N/B
=N I\N
HO

To a stirred solution of 2-(1-(1H-imidazol-1-yl)ethyl)-5-
(4-methoxyphenyl)pyridine (0.075 g, 0.26 mmol; prepared as
described for Example 15) in DCM (3 mL) was added BBr;
(0.1 mL 0.4 mmol) at 0° C. The reaction was stirred at rt for
about 1 h. The reaction mixture was quenched with saturated
NaHCO; solution (5 mL), diluted with water (100 mL), and
extracted with DCM (2x100 mL). The combined organic
extracts were washed with brine solution (10 mL), organic
layer was dried over Na,SO, and concentrated under vacuum
to obtain crude product. The crude product was purified by
flash chromatography (silica gel, 60-120) using 4% methanol
in DCM eluent to afford 4-(6-(1-(1H-imidazol-1-yl)ethyl)
pyridin-3-yl)phenol as an off-white solid (35 mg, 49% yield).
'H NMR (400 MHz, DMSO-d,): § 9.62 (s, 1H), 8.74 (d, 1H),
7.99 (dd, 1H), 7.85 (s, 1H), 7.50(d, 2H), 7.28 (s, 1H), 7.20 (d,
1H), 6.91 (s, 1H), 6.84 (d, 2H), 5.64-5.59 (m, 1H), 1.80 (d,
3H), LC-MS m/z caled for [M+H]* 266.12. found 266.2.

Example 17

4-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-yl)cy-
clohexa-1,3-dienecarbonitrile

NC
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Step 1: 1-(5-bromopyridin-2-yl)propan-1-o0l

O
EtMgBr,
THF
\ —_—
i, 6h | \ oH
N
N
Br F =

Br

To a solution of 5-bromopicolinaldehyde (2.0 g, 10.8
mmol) in THF (20 mL) was added 3.0 M solution of ethyl
magnesium bromide in diethyl ether (7.1 ml, 21.5 mmol) at 0°
C. The reaction mixture was allowed to warm to room tem-
perature and was stirred for 6 h. The reaction mixture was
quenched with saturated ammonium chloride solution (20
ml) and water (15 mL), extracted with ethyl acetate (200
ml), dried over sodium sulphate and concentrated under
reduced pressure to obtain crude product. The crude product
was purified by a Biotage Isolera® One column (using 10%
ethyl acetate and hexane (0.72 g, (45% yield). 'H NMR (400
MHz, DMSO-dy): 9 8.57 (d, 1H), 8.01-7.98 (dd, 1H), 7.445
(d, 1H), 5.36 (d, 1H), 4.49-4.45 (dd, 1H), 1.65-1.61 (m, 2H),
0.815 (t, 3H).

Step 2:
4-(6-(1-hydroxypropyl)pyridin-3-yl)benzonitrile

N
NC 7
2M Na,CO3/Pd(PPh3),
Toluene/ethanol (2:1)

OH

Br

\

OH

/

NC

To a solution of 1-(5-bromopyridin-2-yl)propan-1-ol (0.3
g, 1.38 mmol) in toluene (8 mL) and ethanol (4 mL) was
added 4-cyano phenyl boronic acid (0.244 g, 1.6 mmol) and a
2 M solution of aq. Na,CO;. The reaction mixture degassed
with argon, Pd(PPh,), (0.08 g, 0.069 mmol) was added, the
reaction mixture was again degassed with argon for 10 min,
and heated to 80° C. for 4 h. The reaction mixture was evapo-
rated under vacuum to remove ethanol, the reaction mixture
was diluted with water (10 mL), extracted with ethyl acetate
(100 mL), dried over sodium sulphate, filtered and evaporated
under reduced pressure to obtain crude product. The crude
product was purified by a Biotage Isolera® One column
(using 15% ethyl acetate and hexane) to give 4-(6-(1-hydrox-
ypropyl)pyridin-3-yl)benzonitrile (0.15 g, 45.45% yield). "H
NMR (400 MHz DMSO-d,): 8 8.78 (s, 1H), 7.89 (dd, 1H),
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7.78 (d, 2H); 7.69 (d, 2H), 7.39 (d, 1H), 4.77 (t, 1H), 3.90 (s,
1H), 1.91-1.81 (m, 2H), 0.99 (t, 3H).

Step 3:
4-(6-(1-bromopropyl)pyridin-3-yl)benzonitrile

\

OH  PBr3, CHCL;

B
0° C.-1t, 90 min
(79%)
Step 3

/

NC

A\

Br

/

NC

To a solution of 4-(6-(1-hydroxypropyl)pyridin-3-yl)ben-
zonitrile (0.10 g, 0.21 mmol) in chloroform (4 mL.) was added
PBr; (0.34 g, 0.63 mmol) at 0-5° C. This temperature was
maintained for 15 min, was slowly allowed to rt and was then
maintained at rt for another 90 min. The contents were diluted
with chloroform (100 ml.) and washed with bicarbonate solu-
tion (2x30 mL). The organic layer was separated, dried over
sodium sulphate and evaporated to provide 4-(6-(1-bro-
mopropyl)pyridin-3-yl)benzonitrile (92 mg, 73% yield).

Step 4: 4-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-
ylcyclohexa-1,3-dienecarbonitrile

YA\

NH
= | Br .
_— -
N K>COs3, DMF
X 70°C.,3h
NC
= | N/B
<
~ N N
NC

To a solution of imidazole (0.034 g, 0.332 mmol) in DMF
(3 ml) was added potassium carbonate (0.11 g, 0.83 mmol)
and 4-(6-(1-bromopropyl)pyridin-3-yl)benzonitrile (0.090 g)
under nitrogen and the solution was heated to 70° C. for 3 h.
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After cooling the contents to rt, sodium bicarbonate was
added, extracted with ethyl acetate (50 mL), the organic layer
separated, the organic layer dried over sodium sulphate and
distilled off to obtain the crude product. The compound was
purified by preparative TLC using (2000p; 5% MeOH/DCM)
to provide 4-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-yl)
cyclohexa-1,3-dienecarbonitrile (0.012 g, 13.9% vyield). ‘H
NMR (400 MHz DMSO-d,): 8 8.96 (d, 1H), 8.19 (dd, 1H),
7.96 (d, SH); 7.47 (d, 1H), 7.39 (s, 1H), 7.01 (s, 1H), 5.45 (1,
1H), 2.26-2.23 (m, 2H), 0.84 (t, 3H): LC-MS m/z calcd for
[M+H]* 289.14. found 289.0.

Example 18
2-(6-(1-(1H-imidazol-1-yl)propyl)pyridin-3-yl)ben-
Zonitrile

N 7

Step 1: 2-(6-(1-(1H-imidazol-1-y)propyl)pyridin-3-
yD)benzonitrile

(0]

EtMgBr,

AN I THF
_—

| . 6h | N OH
N
Br & = N
Br

To a solution of 5-bromopicolinaldehyde (2.0 g, 10.8
mmol) in THF (20 mL) was added a 3.0 M solution of ethyl
magnesium bromide in diethyl ether (7.1 mL, 21.5 mmol) at
0° C., the reaction mixture was allowed to warm to room
temperature and was stirred for 6 h. The reaction mixture was
quenched with saturated ammonium chloride solution (20
ml) and water (15 mL), extracted with ethyl acetate (200
ml). dried over sodium sulphate and concentrated under
reduced pressure to obtain crude product. The crude product
was purified by a Biotage Isolera® One column (using 10%
ethyl acetate and hexane) to provide the desired product (0.72
g, 45% yield). "H NMR (400 MHz, DMSO-d,): § 8.57 (d,
1H), 8.01-7.98 (dd, 1H), 7.44 (d, 1H); 5.36 (d, 1H), 4.49-4.44
(dd, 1H), 1.65-1.61 (m, 2H), 0.82 (t, 3H).

Step 2:
2-(6-(1-hydroxypropyl)pyridin-3-yl)benzonitrile

CN OH
B
\OH
X on
2M Na,CO3/Pd(PPh3),
= N Toluene/ethanol (2:1)

Br

60

-continued

OH

7\

10

To a solution of 1-(5-bromopyridin-2-yl)propan-1-ol (0.7
g, 3.2 mmol) in toluene (15 mL) and ethanol (8 mL) was
added 2-cyano phenyl boronic acid (0.57 g, 3.8 mmol) and a
2M solution of aq. Na,COj;. The reaction mixture was
degassed with argon, Pd(PPh;), (0.187 g, 0.162 mmol) was
added, the reaction mixture was again degassed with argon
for 10 min, and the reaction heated to 100° C. for 3 h. The
reaction mixture was evaporated under vacuum to remove
ethanol, diluted with water (40 mL), extracted with ethyl
acetate (200 mL), dried over sodium sulphate, filtered and
evaporated under reduced pressure to obtain crude product.
The crude product was purified by a Biotage Isolera® One
column (using 20% ethyl acetate and hexane) to give 2-(6-
(1-hydroxypropyl)pyridin-3-yl)benzonitrile. (0.150 g, 19.4%
yield). "H NMR (400 MHz DMSO-dy): 8 8.67 (s, 1H), 8.02-
7.97 (m, 2H), 7.82 (t, 1H), 7.69 (d, 1H), 7.63-7.60 (m, 2H),
1.83-1.68 (m, 2H), 0.89 (1, 3H): LC-MS m/z calcd for
[M+H]* 239.11. found 239.0.
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Step 3:
2-(6-(1-bromopropyl)pyridin-3-yl)benzonitrile

35

40
CN 7 | OH  MsCl, TEA/THE
R
X N 0° C.-1t, 90 min

45

50

\

CN OMs

/

55

To solution of 2-(6-(1-hydroxypropyl)pyridin-3-yl)ben-
zonitrile (0.05 g) in THF (3 mL) was added triethyl amine
(0.042 g), the mixture was stirred for 5 minutes, and then
methanesulfonyl chloride was added (0.47 g). The mixture
was stirred at room temperature for 90 min. The reaction
mixture was quenched with sodium bicarbonate and
extracted with ethyl acetate. The organic extracts were dried
over sodium sulphate, filtered and concentrated to obtain
1-(5-(2-cyanophenyl)pyridin-2-yl)propyl methanesulfonate
(0.050 g, 71% yield), which was used directly in the next step.

60

65
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Step 4: 2-(6-(1-(1H-imidazol-1-y)propyl)pyridin-3-
yD)benzonitrile
CN 7 | OMs  Imidazole, TEA
_—m
N N DCM, 1t, 12 h

CN

To solution of 1-(5-(2-cyanophenyl)pyridin-2-yl)propyl
methanesulfonate (0.050 g, 0.15 mmol) in DCM was added
triethyl amine (0.030 g, 0.30 mmol) followed by imidazole
(0.20 g, 0.30 mmol) at room temperature. The reaction mix-
ture was stirred for 12 h at room temperature. The reaction
mixture was diluted with water (20 mL) and extracted with
ethyl acetate (50 mL). The organic extracts were dried over
sodium sulphate, filtered and concentrated to obtain the crude
compound which was purified by preparative TLC by using
5% MeOH/DCM to give 2-(6-(1-(1H-imidazol-1-yl)propyl)
pyridin-3-yl)benzonitrile (10 mg, 24%). "H NMR (400 MHz
DMSO-dy): 8 8.77 (s, 1H), 8.04 (dd, 1H), 7.98 (d, 1H), 7.84
(s, 1H), 7.80 (d, 1H), 7.68 (d, 1H), 7.63 (1, 1H), 7.44 (d, 1H),
7.34 (s, 1H), 6.92 (s, 1H), 5.43 (dd, 1H), 2.31-2.20 (m, 2H),
0.83 (t, 3H); LC-MS m/z caled for [M+H]* 289.14. found
289.5.

Example 19

2-(1-(1H-imidazol-1-yD)propyl)-5-(4-fluorophenyl)-
1,3,4-thiadiazole

Fantan
O 5

Step 1: Ethyl
5-amino-1,3,4-thiadiazole-2-carboxylate

POCL;
—_—
70°C./3 h

o

S
ClL
)J\ _NH, *
LN N
H

e}
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-continued
N—N
/4 \ o
H,N S

To a solution of hydrazinecarbothioamide (10 g, 54.8
mmol) in POCI; (25 mL) was added ethyl 2-chloro-2-oxac-
etate (6.1 mL, 54.8 mmol). The reaction was heated to 70° C.
and stirred for 5 h. POCIl; was completely removed from the
reaction mixture under vacuum. The residue was diluted with
ice cold water (150 mL) and basified to pH 8 with saturated
sodium bicarbonate solution and then extracted with ethyl
acetate (200 mL). The organic layer was separated and dried
over Na,SO,, and the solvent was evaporated to obtain crude
product. The crude product was purified by flash chromatog-
raphy (silica gel 100-200u, 2% methanol and dichlo-
romethane) to afford ethyl 5-amino-1,3,4-thiadiazole-2-car-
boxylate as a yellow solid (3.1 g, 24% yield). 'H NMR (400
MHz, DMSO-d,): 8 7.94 (s, 2H), 4.29 (q, 2H), 1.27 (t, 3H);
LC-MS nv/z caled for [M+H]* 174.03. found 174.1.

Step 2: ethyl
5-bromo-1,3,4-thiadiazole-2-carboxylate

ter-BuONO
CH3;CN/CuBr;
—_—
1t-60° C./1 h

N—N

A~

(6]
N—N

A~

e}

To a stirred solution of ethyl 5-amino-1,3,4-thiadiazole-2-
carboxylate (3.1 g, 17.8 mmol) in acetonitrile (50 mL.) at
room temperature was added copper (II) bromide (7.95 g,
35.6 mmol) and the mixture was stirred for 20 min. Tertiary
butyl nitrite (3.67 g, 35.63 mmol) was then added drop wise
for 10 min, and the reaction mixture was heated to 60° C. for
30 min. The reaction mixture was concentrated under reduced
pressure, diluted with water (300 mL), and then extracted
with ethyl acetate (500 m:). The organic layer was separated
and dried over anhydrous sodium sulphate, and evaporated to
afford ethyl 5-bromo-1,3,4-thiadiazole-2-carboxylate as a
brown solid (3.0 g, 74% yield). "H NMR (400 MHz, CDCl,):
04.53-4.51 (m, 2H), 1.45-1.43 (m, 3H); LC-MS m/z calcd for
[M+H]* 238.92. found 238.9.

Step 3: (5-bromo-1,3,4-thiadiazol-2-yl)methanol

/Z_I\\I O\/ NaBH4/Methanol
.
Br s)\\( wi6h

e}
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-continued
N—N
/4 >\\
Br S
OH

A solution of ethyl 5-bromo-1,3,4-thiadiazole-2-carboxy-
late (3.0 g, 12.6 mmol) in methanol (50 mL) was cooled to 0°
C. and then sodium borohydride (1.40 g, 38.0 mmol) was
added slowly. The reaction mixture was allowed to stir for 16
hours at room temperature. The reaction mixture was
quenched with acetic acid (3 mL), extracted with ethyl acetate
(200 mL), the organic layer was washed with sodium bicar-
bonate solution (20 mL) followed by brine solution (10 mL),
the organic layer was separated, dried over sodium sulphate
and evaporated under reduced pressure to obtain crude prod-
uct. The crude product was purified by a Biotage Isolera®
One column (using 25% ethyl acetate and hexane) to give
(5-bromo-1,3,4-thiadiazol-2-yl)methanol as a white solid
(1.8 g, 73% yield). "HNMR (400 MHz, DMSO-d,): 8 6.31 (t,
3H), 4.85 (d, 2H); LC-MS m/z calcd for [M+H]* 194.91.
found 195.0.

Step 4:
(5-(4-fluorophenyl)-1,3,4-thiadiazol-2-yl )methanol
OH
B
\OH
N—N F
/4 \ Toluene/Ethanol
Br S NayCO3/Pd(PPhs)y
OH 100°C./1h
N—N
S)\\
F oH

To a solution of (5-bromo-1,3.4-thiadiazol-2-yl)methanol
(1.2 g, 6.15 mmol) in toluene (40 ml) and ethanol (40 ml) was
added 4-fluorophenyl boronic acid (1.03 g, 7.38 mmol) and 2
M aqueous Na,COj;. The reaction mixture was degassed with
argon, Pd(PPh,), (0.354 g, 0.355 mmol) was added, the reac-
tion mixture was degassed again with argon for 10 min, and
then heated to 100° C. for 2 h. The reaction mixture was
evaporated under vacuum to remove ethanol, the reaction
mixture was diluted with water (50 mL), and extracted with
ethyl acetate (200 mL). The organic extracts were dried over
sodium sulphate, filtered and evaporated under reduced pres-
sure to obtain crude product. The crude product was purified
by Biotage Isolera® One column (using 30% ethyl acetate
and hexane) to give (5-(4-fluorophenyl)-1,3,4-thiadiazol-2-
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yDmethanol as a pale yellow solid (0.85 g, 65% yield); L.C-
MS m/z caled for [M+H]* 211.03. found 211.1

Step 5: 5-(4-fluorophenyl)-1,3,4-thiadiazole-2-car-

baldehyde
AN Dess-Martin Periodinane
/ \ DCM
S 1t/3h
F Ol
N—N
(3
S
. \

e}

To a solution of 5-(4-fluorophenyl)-1,3,4-thiadiazole-2-yl)
methanol (0.85 g, 4.1 mmol) in dichloromethane (30 ml) at 0°
C. was slowly added Dess-Martin Periodinane (3.4 g, 8.1
mmol). The reaction mixture was allowed to warm to room
temperature for 3 h. To the mixture was then added saturated
sodium bicarbonate solution (20 mL) and sodium thiosul-
phate (2 g). The reaction mixture was extracted with ethyl
acetate (200 mL). The organic extracts were dried over
sodium sulphate, filtered and evaporated under reduced pres-
sure to obtain crude product. The crude compound was puri-
fied by flash column chromatography (using 20% ethyl
acetate in hexane) to obtain 5-(4-fluorophenyl)-1,3,4-thiadia-
zole-2-carbaldehyde as a white solid (0.45 g, 53% vyield). 'H
NMR (400 MHz, DMSO-dy): 8 10.17 (s, 1H), 8.19 (q, 2H),
7.45 (t, 2H); LC-MS m/z caled for [M+H]* 209.21. found
209.1.

Step 6: 1-(5-(4-fluorophenyl)-1,3,4-thiadiazol-2-yl)
propan-1-ol

N—N
k )\\ FEtMgBr/THF
- -
S 0°Crt2 1
; \
N—N

Foaa®

OH

To a solution of 5-(4-fluorophenyl)-1,3,4-thiadiazole-2-
carbaldehyde (0.2 g, 0.96 mmol) in THF (8 ml.) was added
3.0 M solution of ethyl magnesium bromide in diethyl ether
(0.96 mL, 2.9 mmol) at 0° C. The reaction mixture was
allowed to warm to room temperature and was stirred for 2 h.
The reaction mixture was quenched with saturated ammo-
nium chloride solution (15 ml) and water (15 mL), and
extracted with ethyl acetate (100 mL). The organic extracts
were dried over sodium sulphate and concentrated under
reduced pressure to afford 1-(5-(4-fluorophenyl)-1,3,4-thia-
diazol-2-yl)propan-1-ol as a yellow solid (0.10 g, 45% yield).
'H NMR (400 MHz, DMSO-d,): 8 8.0-8.03 (m, 1H), 7.39-
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7.35 (m, 2H), 6.36 (d, 1H), 4.92-4.89 (m, 1H), 1.89-1.78 (m,
2H), 0.95 (t, 3H); LC-MS m/z calcd for [M+H]* 239.06.
found 239.1.

Step 7: 2-(1-(1H-imidazol-1-yl)propyl)-5-(4-fluo-
rophenyl)-1,3,4-thiadiazole

N\) I\/N

NMP, 140°C.,2h

/@/& )\(\
o0g
S

To a solution of 1-(5-(4-fluorophenyl)-1,3,4-thiadiazol-2-
yDpropan-1-ol (0.1 g, 0.42 mmol) in NMP (4 m[) was added
CDI (0.353 g, 2.18 mmol) at room temperature. The mixture
was heated to 140° C. for 2 hours. The reaction was diluted
with ice-cold water (200 mL.) and extracted with ethyl acetate
(150 mL). The organic extracts were dried over sodium sul-
phate, filtered and concentrated under reduced pressure to
obtain crude product. The crude product was purified by
preparative TLC (using 5% MeOH/DCM) to give 2-(1-(1H-
imidazol-1-yl)propyl)-5-(4-fluorophenyl)-1,3,4-thiadiazole
as a brown solid. (10 mg, 8.3% yield). "H NMR (400 MHz,
DMSO-dy): 3 8.01 (q, 2H), 7.40 (m, 1H), 7.40-7.35 (m, 3H),
6.98 (s, 1H), 5.96 (q, 1H), 2.42-2.37 (m, 2H); 0.85 (t, 3H).
LC-MS m/z caled for [M+H]* 289.08. found 289.1.

Example 20

5-(5-(1-(1H-imidazol-1-yl)ethyl)thiophen-2-y1)-1-
methylpyridin-2(1H)-one

Step 1: 5-bromo-2-methoxypyridine

Br
x NaOCH;, MeOH
_— =
70°C.,10h
/
Br N

w
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-continued

A mixture of 2,5-dibromopyridine (10 g, 42.37 mmol) and
NaOMe (6.86 g, 127.1 mmol) in MeOH (100 mL.) was heated
at 70° C. and refluxed for 10 h. The mixture was allowed to
cool to room temperature, was treated with water (100 mL)
and extracted with EtOAc (2x150 mL). The combined
organic extracts were dried over sodium sulphate and con-
centrated under reduced pressure to give a pale yellow, vola-
tile oil of 5-bromo-2-methoxypyridine (6.7 g, 84% yield),
which was used without purification in the next step. "HNMR
(400 MHz, CDCl,): § 8.19 (s, 1H), 7.62 (dd, 1H), 6.65 (d,
1H), 3.90 (s, 3H); LC-MS m/z calcd for [M+H]* 189.96.
found 190.0.

Step 2: 5-bromopyridin-2(1H)-one

Br Br
A 6N HCl 7 |
| 100°C., 15h
o N/ O N

5-Bromo-2-methoxypyridine (6.7 g, 35.8 mmol) was dis-
solved in 6N HC1 (40 mL). The solution was heated at 100° C.
for 15 h. The mixture was cooled to 5° C. and the pH of the
mixture was adjusted to pH 6.5 with 10% aq. NaOH. The
crystalline precipitate was collected by filtration and washed
with water (100 mL), and dried under vacuum to give 5-bro-
mopyridin-2(1H)-one (3.0 g, 48% vyield). 'H NMR (400
MHz, DMSO-d): 8 11.67 (s, 1H), 7.66 (s, 1H), 3.77 (d, 1H),
6.33 (d, 1H); LC-MS m/z calcd for [M+H]* 175.95. found
176.0.

Step 3: 5-bromo-1-methylpyridin-2(1H)-one

Br Br
7 K>CO3/DMF 7
—_—
Mel/RT, 16 h |
0 N 0 N
H

To a solution of 5-bromopyridin-2(1H)-one (3.0 g, 17.2
mmol) in DMF (30 mL.) was added iodomethane (7.34 g, 5.17
mmol) and potassium carbonate (14.24 g, 103.2 mmol) under
argon. The reaction mixture was stirred at room temperature
for 16 h, and was then concentrated under vacuum. The resi-
due was dissolved in ethyl acetate (2x100 mL) and then
washed with water (2x50 mL) and brine solution (2x50 mL).
The organic phase was dried over sodium sulphate, concen-
trated under vacuum to afford 5-bromo-1-methylpyridin-2
(1H)-one as a yellow solid. 'H NMR (400 MHz, CDCl,): §
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7.40 (s, 1H), 7.34 (d, 1H), 7.25 (s, 1H), 6.48 (d, 1H), 3.51 (s,
3H); LC-MS m/z calcd for [M+H]* 189.96. found 190.0.

Step 4: 5-(5-acetylthiophen-2-yl)-1-methylpyridin-2
(1H)-one

HO\B / \ 0
Br S
< | il
1,4 Dioxane/H,0O
o N TBAB/K,CO;
| Pd(PPh;),Cl,
100°C.,3h

To a solution of 5-bromo-1-methylpyridin-2(1H)-one (1.0
g,5.31 mmol)in 1,4-dioxane (10 mL)\H,O (5 mL) was added
S-acetylthiophen-2-yl boronic acid (1.35 g, 7.97 mmol),
tetra-butyl ammonium bromide (17 mg, 0.053 mmol), K,CO,
(2.19 g, 15.93 mmol) and Pd(PPh,),Cl, (37 mg, 0.053 mmol)
under argon. The mixture was degassed and heated to 100° C.
for 3 h. After the reaction was complete based on monitoring
by TLC (80% EtOAct\hexane), the mixture was filtered with
Celite® reagent and the filtrate was separated. This filtrate
was concentrated and extracted with EtOAc (2x100 mL),
washed with water (100 mL), and brine solution (100 mL).
The organic layer was dried over sodium sulphate and con-
centrated in vacuum. The residue was purified by Combi-
flash® column purifier (80% ethyl acetate in hexane) to pro-
vide 5-(5-acetylthiophen-2-yl)-1-methylpyridin-2(1H)-one
as a yellow viscous liquid (0.65 g, 43% yield). 'HH NMR (400
MHz, DMSO-d,): 8 8.31 (d, 1H), 7.88 (d, 1H), 7.80 (dd, 1H),
7.41 (d, 1H), 6.46 (d, 1H), 3.48 (s, 3H), 2.48 (s, 3H); LC-MS
m/z caled for [M+H]* 234.05. found 234.1.

Step 5: 5-(5-(1-hydroxyethyl)thiophen-2-yl)-1-meth-
ylpyridin-2(1H)-one

NaBH,

B
THF, MeOH
RT, 10 min
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To a solution of 5-(5-acetylthiophen-2-y1)-1-methylpyri-
din-2(1H)-one (0.65 g, 2.78 mmol) in THF (8 mL.) and MeOH
(8 mL) was added NaBH,, (0.26 g, 6.97 mmol) under nitro-
gen. The mixture was stirred at rt for 10 min, quenched with
ammonium chloride solution (15 ml) and extracted with
ethyl acetate (2x100 mL). The organic extracts were washed
with brine solution (2x50 mL), dried over sodium sulphate
and evaporated to obtain the crude compound. Purification by
flash chromatography (100-200p; 100% ethyl acetate)
afforded 5-(5-(1-hydroxyethyl)thiophen-2-yl)-1-methylpyri-
din-2(1H)-one (0.5 g, 76% vyield). 'H NMR (400 MHz,
DMSO-d,): 8 8.00 (s, 1H), 7.69 (d, 1H), 7.07 (d, 1H), 6.83 (d,
1H), 6.43 (d, 1H), 5.51 (bs, 1H), 4.88 (q, 1H), 3.45 (s, 3H),
1.38 (d, 3H); LC-MS m/z caled for [M+H]* 236.07 found
236.3.

Step 6: 5-(5-(1-(1H-imidazol-1-yl)ethyl)thiophen-2-
yD)-1-methylpyridin-2(1H)-one

OH

CDL ACN
—_—
80°C.,2h

To a solution of 5-(5-(1-hydroxyethyl)thiophen-2-yl)-1-
methylpyridin-2(1H)-one (0.3 g, 1.27 mmol) in acetonitrile
(10 mL.) was added CDI (2.07 g, 3.35 mmol) under nitrogen
and the mixture was heated to 80° C. for 2 h. The contents
were cooled to rt, diluted with ethyl acetate (100 mL), washed
with ice-cold water (2x100 mL), brine solution (2x50 mL),
the layers separate, the organic layer dried over sodium sul-
phate and distilled off to provide the crude product. The
product was purified by flash column (100-200; 7% metha-
nol in dichloromethane) to give 5-(5-(1-(1H-imidazol-1-yl)
ethyl)thiophen-2-yl)-1-methylpyridin-2(1H)-one (0.16 g,
43% yield). "H NMR (400 MHz, DMSO-dy): 8 8.00 (s, 1H),
7.77 (s, 1H), 7.66 (d, 1H), 7.23 (s, 1H), 7.13 (d, 1H), 7.00 (d,
1H),6.92(d, 1H),6.41 (d, 1H),5.77 (g, 1H),3.43 (s,3H), 1.82
(d, 3H); LC-MS m/z caled for [M+H]* 286.09. found 218.3
[M-imidazole]*.

Example 21

5-(5-(1-(1H-imidazol-1-yl)ethyl)thiophen-2-y1)-1-
isopropylpyridin-2(1H)-one
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Step 1: 5-iodo-1-isopropylpyridin-2(1H)-one

t- BuOIQKZCO3
DME/reflux/3 h

To a stirred solution 5-iodopyridin-2-01 (0.4 g, 1.80 mmol)
in DME (10 mL.) was added t-BuOK (0.604 g, 5.4 mmol). The
mixture was stirred for 30 min at rt, K,CO; (0.621 g, 4.5
mmol) and 2-iodopropane (0.35 mL, 3.6 mmol) were added,
and the reaction was heated at reflux for about 3 h. The
reaction mixture was diluted with water (30 ml) and
extracted with ethyl acetate (2x100 ml.). The combined
organic extracts were washed with brine solution (10 mL),
dried over Na,SO, and concentrated under vacuum to obtain
crude product. The crude product was purified by flash chro-
matography (silica gel, 60-120p) using 10% ethyl acetate in
hexane as eluent to afford 5-iodo-1-isopropylpyridin-2(1H)-
one as an off-white solid (0.41 g, 67% yield). '"H NMR (400
MHz, DMSO-d): 8 7.90 (s, 1H), 7.49 (dd, 1H), 6.21 (d, 1H),
4.94 (t, 1H), 1.25 (t, 6H), LC-MS m/z calcd for [M+H]*
263.98. found 264.0.

Step 2: 5-(1-isopropyl-6-0x0-1,6-dihydropyridin-3-
yDthiophene-2-carbaldehyde

HO\ / \ (0]
A~ s
| HO H
Na,CO3/Pd(PPh3),
[e) N Ethanol/Toluene
100°C./2h

To a stirred solution of 5-iodo-1-isopropylpyridin-2(1H)-
one (0.41 g, 1.55 mmol) in toluene (5 mL.) and ethanol (2 mL.)
was added 5-formylthiophen-2-yl boronic acid (0.289 g, 1.87
mmol), 2M Na,CO; (0.495 g, 4.67 mmol), and Pd(PPh;),
(0.09 g, 0.07 mmol). The mixture was purged with argon and
heated at 100° C. for about 2 h. The mixture was concentrated,
diluted with water (50 mL), and extracted with ethyl acetate
(2x200 mL). The combined organic extracts were washed
with brine solution (20 mL), dried over Na,SO, and concen-
trated under vacuum to obtain crude product. The crude prod-
uct was purified by flash chromatography (silica gel,
60-120p) using 20% ethyl acetate in hexane as eluent to
afford 5-(1-isopropyl-6-oxo-1,6-dihydropyridin-3-yl)
thiophene-2-carbaldehyde as an off-white solid (0.205 g,
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53.3% yield). "HNMR (400 MHz, DMSO-d,): 88.18 (s, 1H),
7.99 (d, 1H), 7.78 (d, 1H), 7.62 (d, 1H), 7.58 (d, 1H), 7.53 (d,
1H), 5.08-5.01 (m, 1H), 1.21 (t, 6H), LC-MS m/z caled for
[M+H]* 248.07. found 248.1.

Step 3: 5-(5-(1-hydroxyethyl)thiophen-2-yl)-1-iso-
propylpyridin-2(1H)-one

MeMgBr
_—
THF/2 h

| OH

A solution of 5-(1-isopropyl-6-ox0-1,6-dihydropyridin-3-
yDthiophene-2-carbaldehyde (0.205 g, 0.829 mmol) in THF
(10 mL) was cooled to 0° C. A solution of 1.5M methyl
magnesium bromide in diethyl ether (1.65 mL, 2.48 mmol)
was added slowly at 0° C. and the mixture was stirred for 2 h
at rt. The reaction mixture was quenched with saturated
NH,CI solution (10 mL) and extracted with ethyl acetate
(2x100 mL). The combined organic extracts were washed
with brine solution (10 mL), dried over Na,SO, and concen-
trated under vacuum to obtain crude 5-(5-(1-hydroxyethyl)
thiophen-2-yl)-1-isopropylpyridin-2(1H)-one as an off-
white solid (0.150 g, 71% yield). LC-MS m/z calcd for
[M+H]" 264.1. found 264.1.

Step 4: 5-(5-(1-(1H-imidazol-1-yl)ethyl)thiophen-2-
yD-1-isopropylpyridin-2(1H)-one

CDI

Acetonitrile/50° C./1 h

| OH

)

To a stirred solution of 5-(5-(1-hydroxyethyl)thiophen-2-
yD)-1-isopropylpyridin-2(1H)-one (0.075 g, 0.28 mmol) in
ACN (5 mL) was added 1,1-carbonyl diimidazole (0.240 g,
1.48 mmol). The mixture was heated at 50° C. for about 1 h.
The mixture was concentrated, diluted with water (25 mL),



US 9,199,975 B2

71

and extracted with ethyl acetate (2x100 mL). The combined
organic extracts were washed with brine solution (10 mL),
dried over Na,SO, and concentrated under vacuum to obtain
crude product. The crude product was purified by preparative
TLC using 2% methanol in DCM as eluent to atford 5-(5-(1-
(1H-imidazol-1-yl)ethyl)thiophen-2-y1)-1-isopropylpyridin-
2(1H)-one as an off-white solid (0.016 g, 13.4% yield). 'H
NMR (400 MHz, DMSO-dy): 8 7.83 (s, 1H), 7.77 (s, 1H),
7.60(dd, 1H), 7.24 (s, 1H), 7.20(d, 1H), 7.03 (d, 1H), 6.89 (s,

72
1H), 6.42 (d, 1H), 5.80-5.75 (m, 1H), 5.05-4.98 (m, 1H), 1.82
(d, 3H), 1.31 (d, 6H), LC-MS nvz caled for [M+H]* 314.12.
found 314.1.

The following Table 1 summarizes the compounds and
synthetic methods utilized to prepare the name compounds of
Examples 1-21. This table also provides additional com-
pounds as Examples 22-66 and the synthetic route by which
the same were prepared.

TABLE 1
Synthesis
method
Ex. Structure Name (scheme #)
1 N \ 2—(3—flgoro—phenyl)— 1
| 5-(1-imidazol-1-yl-
propyl)-thiazole
S
<Nj
N
F
2 5-(1-Imidazol-1-yl- 1
propyl)-2-(1-methyl-
1H-pyrazol-4-yl)-
N \ N thiazole
o
/ N
I
\T
3 1-{1-[5-(4-Methoxy- 1
phenyl)-thiophen-2-
yl]-propyl}-1H-
imidazole
4 4-[5-(1-Imidazol-1- 1
yl-propyl)-thiophen-
2-yl]-phenol
5 4-[6-(1-Imidazol-1- 1

yl-propyl)-pyridin-3-
yl]-benzoic acid ethyl
ester
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TABLE 1-continued
Synthesis
method

Ex. Structure Name (scheme #)

6 4-[6-(1-Imidazol-1- 1
yl-propyl)-pyridin-3-
yl]-benzoic acid

AN N/}
N N
HO.
¢}

7 2-(1-Imidazol-1-yl- 2
propyl)-5-(3-
methoxy-phenyl)-

AN N /E pyridine
~ F
8 3-[6-(1-Imidazol-1- 2
yl-propyl)-pyridin-3-
= yl]-phenol
/ N
T
N
HO

9 4-[6-(1-Imidazol-1- 2
yl-propyl)-pyridin-3-
yl]-N-methyl-

F | N /B benzamide
\ N |§N
HN
¢}

10 4-[6-(1-Imidazol-1- 2
yl-propyl)-pyridin-3-
yl]-benzamide

Z | N /B
\ N |§N
N
¢}

11 2-(1-Imidazol-1-yl- 2
propyl)-5-(4-
methoxymethoxy-

F | N/X ;l;ertil;ﬁ-ephenyl)
N N |§N
e} O

NS

74
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TABLE 1-continued
Synthesis
method
Ex. Structure Name (scheme #)
12 5-(4-Fluoro-phenyl)- 3
2-(1-imidazol-1-yl-
ethyl)-pyridine
s | N/X yD-py
Y |\N
F
13 2-[1-(2,3-Dihydro- 4
imidazol-1-yl)-ethyl]-
5-furan-3-yl-pyridine
14 4-[6-(1-Imidazol-1- 4
yl-ethyl)-pyridin-3-
1]-phenylamine
Z | N /X yl]-pheny
\ N |§N
HN
15 2-(1-Imidazol-1-yl- 4
ethyl)-5-(4-methoxy-
heny!)-pyridi
Z“ | N/X phenyl)-pyridine
\ N |§N
\O
16 4-[6-(1-Imidazol-1- 4
yl-ethyl)-pyridin-3-
1]-phenol
F | N /S yil-p
RN N |\N
HO
17 4-[6-(1-Imidazol-1- 5
yl-propyl)-pyridin-3-
yl]-benzonitrile
x N/}
=N =N
&
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TABLE 1-continued
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Structure

Synthesis
method

Name (scheme #)

18

19

20

21

22

23

24

2-[6-(1-Imidazol-1- 5
yl-propyl)-pyridin-3-
yl]-benzonitrile

2-(4-Fluoro-phenyl)- 6
5-(1-imidazol-1-yl-

propyl)-

[1,3,4]thiadiazole

5-[5-(1-Imidazol-1- 7
yl-ethyl)-thiophen-2-
yl]-1-methyl-1H-

pyridin-2-one

5-[5-(1-Imidazol-1- 7
yl-ethyl)-thiophen-2-
yl]-1-isopropyl-1H-
pyridin-2-one

4-(5-(1-(1H- 1
imidazol-1-

ylethyl)thiazol-2-
yl)benzonitrile

4-(5-(1-(1H- 1
imidazol-1-yl)-3-

methylbutyl)-
thiophen-2-yl)phenol

1-(2-(5-(4- 1
methoxyphenyl)-
thiophen-2-yl)-
propan-2-yl)-1H-

imidazole

78
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TABLE 1-continued

Synthesis
method
Name (scheme #)

25

26

27

28

29

30

31

32

7\
&

F

5-[5-(1-Imidazol-1- 1
yl-ethyl)-thiophen-2-
yl]-2-methoxy-

pyridine

4-[5-(1-Imidazol-1- 1
yl-1-methyl-ethyl)-
thiophen-2-yl]-phenol

1-{1-[5-(4-Methoxy- 1
phenyl)-furan-2-y]-
propyl}-1H-

imidazole

2-(2,4-Difluoro- 1
phenyl)-5-(1-
imidazol-1-yl-ethyl)-

thiazole

5-(4-Fluoro-phenyl)- 1
2-(1-imidazol-1-yl-
propyl)-pyridine

4-[5-(1-Imidazol-1- 1
yl-propyl)-furan-2-
yl]-phenol

{4-[5-(1-Imidazol-1- 1
yl-propyl)-thiazol-2-
yl]-phenyl}-carbamic

acid tert-butyl ester

2-(2,4-Difluoro- 1
phenyl)-5-(1-

imidazol-1-yl-

propyl)-thiazole

80
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TABLE 1-continued
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Ex.

Structure

Name

Synthesis
method
(scheme #)

33

36

37

38

39

OH

2-(4-Fluoro-phenyl)-
5-(1-imidazol-1-yl-
propyl)-thiazole

5-(4-Fluoro-phenyl)-
2-(1-imidazol-1-yl-
ethyl)-pyridine

5-(1-Imidazol-1-yl-
propyl)-2-(4-
methoxy-phenyl)-
thiazole

1-{1-[5-(4-Methoxy-
phenyl)-thiophen-2-
yl]-ethyl}-1H-
imidazole

2-[6-(1-Imidazol-1-
yl-propyl)-pyridin-3-
yl]-phenol

2-(1-Imidazol-1-yl-
propyl)-6-(4-
methoxy-phenyl)
pyridine

1-{1-[5-(4-Methoxy-
phenyl)-thiophen-2-
yl]-3-methyl-butyl}-
1H-imidazole

1
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TABLE 1-continued
Synthesis
method
Ex. Structure Name (scheme #)
40 5-(2-Fluoro-phenyl)- 1
2-(1-imidazol-1-yl-
AN N /} ethyl)-pyridine
= N N
F
41 {4-[6-(1-Imidazol-1- 2
yl-propyl)-pyridin-3-
yl]-pheny!}-methanol
= | N /X
\ N |§N
OH
42 2-(1-Imidazol-1-yl- 2
7 ethyl)-6-(4-methoxy-
| phenyl)-pyridine
x
N
N
N
43 N-{4-[6-(1-Imidazol- 2
1-yl-propyl)-pyridin-
3-yl]-phenyl}-
acetamide
= | N /§
N N |\N
e}
I
H
44 5-(1-Imidazol-1-yl- 1
I\i \ propyl)-2-(1H-
pyrazol-4-yl)-thiazole
/ -
N L)
X
N
o N
45 5-(3-Fluoro-phenyl)- 1

2-(1-imidazol-1-yl-
propyl)-pyridine

84
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TABLE 1-continued

Ex.

Structure

Name

Synthesis
method
(scheme #)

46

47

48

49

50

51

52

HO

HO

2-(2-Ethyl-4-fluoro-
phenyl)-5-(1-
imidazol-1-yl-
propyl)-thiazole

2-(1-Imidazol-1-yl-
propyl)-5-(4-
methoxy-phenyl)-
pyridine

5-(2-Fluoro-phenyl)-
2-(1-imidazol-1-yl-
propyl)-pyridine

4-[5-(1-Imidazol-1-
yl-ethyl)-thiophen-2-
yl]-phenol

4-[6-(1-Imidazol-1-
yl-propyl)-pyridin-3-
yl]-phenol

5-[5-(1-Imidazol-1-
yl-propyl)-thiazol-2-
yl]-2-methoxy-
pyridine

4-[6-(1-Imidazol-1-
yl-1-methyl-ethyl)-
pyridin-3-yl]-phenol

1
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Synthesis
method
Ex. Structure Name (scheme #)
53 3-[6-(1-Imidazol-1- 5
yl-propyl)-pyridin-3-
yl]-benzonitrile
AN N/w
=N N
N
54 2-(4-Fluoro-phenyl)- 1
5-(1-imidazol-1-yl-
e N /X ethyl)-pyridine
N N
F
55 4-[5-(1-Imidazol-1- 1
| \ yl-ethyl)-thiazol-2-
yl]-benzoic acid ethyl
S \ ester
\/O <\ j
N
e}
56 2-(1-Imidazol-1-yl- 2
propyl)-5-(2-
methoxy-phenyl)-
N N/} pyridine
F N N
(|)
57 5-(3-Fluoro-phenyl)- 1
2-(1-imidazol-1-yl-
d N /B ethyl)-pyridine
\ N |§N
F
58 N 5-[5-(1-Imidazol-1- 1
\ yl-ethyl)-thiazol-2-

| yl]-2-methoxy-
AN S pyridine

<

88



US 9,199,975 B2
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Synthesis
method
Ex. Structure Name (scheme #)
59 N 5-[5-(1-Imidazol-1- 1
| \ yl-propyl)-thiazol-2-
yl]-1H-pyridin-2-one
7 | 5 X
O N <\Nj
60 4-[5-(1-Imidazol-1- 1
I\i \ yl-propyl)-thiazol-2-
yl]-phenol
S <Nj
HO N
61 2-(1-Imidazol-1-yl-1- 1
methyl-ethyl)-5-(4-
= N \ metlhc?xy—phenyl)—
| |\ pyridine
~ Y
\O
62 2-(1-Imidazol-1-yl-3- 1
methyl-butyl)-5-(4-
methoxy-phenyl)-
pyridine
7 N
[
\ N \N
\O
63 N 5-[5-(1-Imidazol-1- 1
| \ yl-ethyl)-thiazol-2-
yl]-1H-pyridin-2-one
“ | 5 N
O N <\Nj
64 N-{4-[6-(1-Imidazol- 4
1-yl-ethyl)-pyridin-3-
yll-phenyl}-
Z | N /B acetamide
N |\
0 \ N

be

65 N 4-[5-(1-Imidazol-1-
| \ yl-ethyl)-thiazol-2-
yl]-benzoic acid
S
N
N

90
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TABLE 1-continued

Synthesis
method
Ex. Structure Name (scheme #)
66 2-(1-(1H-imidazol-1- 1
7 yhethyl)-3-(4-
methoxyphenyl)-
N N pyridine

The following Table 2 is a summary of the LC-MS data for
the compounds prepared according to Examples 1-66.

TABLE 2
LC-MS
LC-MS retention
Exact M+ H]* time
Ex. Structure Name mass (m/z) (min)
1 N 2-(3-Fluoro-phenyl)-  287.09  288.0 1.40
| \ 5-(1-imidazol-1-yl-
propyl)-thiazole
S
<Nj
N
F
2 5-(1-Imidazol-1-yl- 273.10 2741 0.39
propyl)-2-(1-methyl-
N \ 1H-pyrazol-4-yl)-

\ ) Q thiazole

3 1-{1-[5-(4-Methoxy- ~ 298.11 231.3* 1.10
phenyl)-thiophen-2-
ylJ-propyl}-1H-
imidazole

4 4-[5-(1-Imidazol-1- 284.10 217.2% 1.43

yl-propyl)-thiophen-
2-yl]-phenol
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TABLE 2-continued

LC-MS
LC-MS retention
Exact M+ H]* time
Ex. Structure Name mass (m/z) (min)

5 4-[6-(1-Imidazol-1- 335.16 3362 1.08
yl-propyl)-pyridin-3-
yl]-benzoic acid ethyl

N @ ester

N

~ P

e}

\
2N
6 4-[6-(1-Imidazol-1- 307.13  308.1 0.93
yl-propyl)-pyridin-3-
yl]-benzoic acid
x N/w
=N N
HO,
¢}
7 2-(1-Imidazol-1-yl- 293.15 2942 1.05
propyl)-5-(3-
methoxy-phenyl)-
AN N /E pyridine
/O / N N

8 3-[6-(1-Imidazol-1- 279.14  280.0 1.19
yl-propyl)-pyridin-3-
= yl]-phenol
/ N
=
N
HO
9 4-[6-(1-Imidazol-1- 320.16 3215 0.75
yl-propyl)-pyridin-3-
yl]-N-methyl-
benzamide
7 | N/B
N N |\N
HN
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TABLE 2-continued

LC-MS
LC-MS retention
Exact M+ H]* time
Ex. Structure Name mass (m/z) (min)

10 4-[6-(1-Imidazol-1- 306.15 3075 0.62
yl-propyl)-pyridin-3-
yl]-benzamide

LN

11 2-(1-Imidazol-1-yl- 337.18 3382 1.47
propyl)-5-(4-
methoxymethoxy-

methyl-phenyl)
7 | N/B pyridine
N N |§

N

12 5-(4-Fluoro-phenyl)-  267.12 268.2 0.86
2-(1-imidazol-1-yl-

ethyl)-pyridine
=z | N /B
vk

x

i

13 2-[1-(2,3-Dihydro- 239.11 2404 0.84
imidazol-1-yl)-ethyl]-

5-furan-3-yl-pyridine

14 4-[6-(1-Imidazol-1- 264.14 2654 1.13
yl-ethyl)-pyridin-3-

yl]-phenylamine
TN
o

\

LN

15 2-(1-Imidazol-1-yl- 279.14  280.2 2.28
ethyl)-5-(4-methoxy-

phenyl)-pyridine
O
N S

N

7\
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TABLE 2-continued

LC-MS
LC-MS retention
Exact M+ H]* time
Structure Name mass (m/z) (min)

2-[6-(1-Imidazol-1- 288.14 289.5 0.97
yl-propyl)-pyridin-3-
yl]-benzonitrile

A

o

4-[6-(1-Imidazol-1- 265.12  266.2 2.08
yl-ethyl)-pyridin-3-
1]-phenol
F | N /X yll-p
N N |§N
HO
4-[6-(1-Imidazol-1- 288.14 289.0 0.44
yl-propyl)-pyridin-3-
yl]-benzonitrile
AN N/w
- N \=N
2
N
N
S

x
\ N
N— 2-(4-Fluoro-phenyl)-  288.08 289.1 1.26
5-(1-imidazol-1-yl-
propyl)-
N [1,3,4]thiadiazole
& j
N
F

5-[5-(1-Imidazol-1- 285.09 218.3* 0.89
yl-ethyl)-thiophen-2-

yl]-1-methyl-1H-

pyridin-2-one

5-[5-(1-Imidazol-1- 313.12 3141 1.42
yl-ethyl)-thiophen-2-

yl]-1-isopropyl-1H-

pyridin-2-one
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Ex. Structure

LC-MS

LC-MS
retention

Exact M+ H]* time

Name mass (m/z)

(min)

22

23

24

25

26

27

28 N

29

7\

4-(5-(1-(1H- 280.08 281.1
imidazol-1-

ylethyl)thiazol-2-

yl)benzonitrile

4-(5-(1-(1H- 312,13 245.1%
imidazol-1-yl)-3-

methylbutyl)-

thiophen-2-yl)phenol

1-(2-(5-(4- 298.11 231.1*
methoxyphenyl)-

thiophen-2-yl)-

propan-2-yl)-1H-

imidazole

5-[5-(1-Imidazol-1- 285.09 218.1*%
yl-ethyl)-thiophen-2-

yl]-2-methoxy-

pyridine

4-[5-(1-Imidazol-1- 284.10 217.1*
yl-1-methyl-ethyl)-
thiophen-2-yl]-phenol

1-{1-[5-4-Methoxy- ~ 282.14 215.4*
phenyl)-furan-2-y]-

propyl}-1H-

imidazole

2-(2,4-Difluoro- 291.06 292.1
phenyl)-5-(1-

imidazol-1-yl-ethyl)-

thiazole

5-(4-Fluoro-phenyl)- ~ 281.13  282.5
2-(1-imidazol-1-yl-
propyl)-pyridine

1.03

244

2.59

1.46

2.32

1.46

1.68
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Structure

Name

Exact

mass

LC-MS

M+ HJ*

(m/z)

LC-MS
retention
time

(min)

30

31

32

33

35

36

HO

S

O

/

%

J

4-[5-(1-Imidazol-1-
yl-propyl)-furan-2-
yl]-phenol

{4-[5-(1-Imidazol-1-

yl-propyl)-thiazol-2-

yl]-phenyl}-carbamic
acid tert-butyl ester

2-(2,4-Difluoro-
phenyl)-5-(1-
imidazol-1-yl-
propyl)-thiazole

2-(4-Fluoro-phenyl)-
5-(1-imidazol-1-yl-
propyl)-thiazole

5-(4-Fluoro-phenyl)-
2-(1-imidazol-1-yl-
ethyl)-pyridine

5-(1-Imidazol-1-yl-
propyl)-2-(4-
methoxy-phenyl)-
thiazole

1-{1-[5-(4-Methoxy-
phenyl)-thiophen-2-
yl]-ethyl}-1H-
imidazole

268.12

384.16

305.08

287.09

267.12

299.11

284.10

201.2%

317.5 %

306.1

288.1

268.4

300.0

217.2%

0.89

1.24

1.49

1.54

3.06

2.33
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LC-MS
LC-MS retention
Exact [M+H]" time

Ex. Structure Name mass (m/z) (min)

37 2-[6-(1-Imidazol-1- 279.14  280.0 1.10
yl-propyl)-pyridin-3-
yl]-phenol

= | N/w
\ N \= N
OH

38 / 2-(1-Imidazol-1-yl- 293.15 2944 1.86
propyl)-6-(4-
methoxy-phenyl)

X ridine
N py:

39 1-{1-[5-(4-Methoxy-  326.15 259.2°* 2.71
phenyl)-thiophen-2-
yl]-3-methyl-butyl}-
1H-imidazole

40 5-(2-Fluoro-phenyl)-  267.12  268.0 0.26
2-(1-imidazol-1-yl-
ethyl)-pyridine

41 {4-[6-(1-Imidazol-1- 293.15 2945 0.85
yl-propyl)-pyridin-3-
yl]-pheny!}-methanol

/ N /X
“ -
OH

42 / 2-(1-Imidazol-1-yl- 279.14  280.2 2.84
ethyl)-6-(4-methoxy-
phenyl)-pyridine

x
N
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TABLE 2-continued
LC-MS
LC-MS retention
Exact M+ H]* time
Ex. Structure Name mass (m/z) (min)
43 N-{4-[6-(1-Imidazol- ~ 320.16 321.2 1.43
1-yl-propyl)-pyridin-
3-yl]-phenyl}-
ide
/ N /B acetami
\ |§N
N
H
44 N 5-(1-Imidazol-1-yl- 259.09  260.1 1.22
| \ propyl)-2-(1H-
pyrazol-4-yl)-thiazole
/ -
R @
AN
N
o N
45 5-(3-Fluoro-phenyl)- ~ 281.13  282.3 2.16
2-(1-imidazol-1-yl-
propyl)-pyridine
= | N /X
\ N |§N
F
46 N \ 2-(2-Ethyl-4-fluoro- 315.12 3163 1.28
| phenyl)-5-(1-
imidazol-1-yl-
S propyl)-thiazole
<Nj
N
47 2-(1-Imidazol-1-yl- 293.15 294.14 1.32
propyl)-5-(4-
methoxy-phenyl)-
idine
a N /X pyr
x gN
48 5-(2-Fluoro-phenyl)- ~ 281.13  282.0 0.27

2-(1-imidazol-1-yl-
propyl)-pyridine



US 9,199,975 B2

107

TABLE 2-continued

108

LC-MS
LC-MS retention
Exact M+ H]* time

Ex. Name mass (m/z) (min)
49 4-[5-(1-Imidazol-1- 270.08 271.2 0.84
yl-ethyl)-thiophen-2-
yl]-phenol
50 4-[6-(1-Imidazol-1- 279.14 2123 % 0.91
yl-propyl)-pyridin-3-
yl]-phenol
7 | N /B
x gN
HO
51 N 5-[5-(1-Imidazol-1- 300.10 301.1 1.46
\ yl-propyl)-thiazol-2-
| yl]-2-methoxy-
S Nj pyridine
o N
52 4-[6-(1-Imidazol-1- 279.14  212.4* 1.50
yl-1-methyl-ethyl)-
= N /S pyridin-3-yl]-phenol
\ N |\N
HO
53 3-[6-(1-Imidazol-1- 288.14 289.5 1.22
yl-propyl)-pyridin-3-
yl]-benzonitrile
AN N/}
F N N
N
54 2-(4-Fluoro-phenyl)-  267.12 268.4 1.25
5-(1-imidazol-1-yl-
F N /§ ethyl)-pyridine
|
F
55 4-[5-(1-Imidazol-1- 327.10 3280 0.93
| \ yl-ethyl)-thiazol-2-
yl]-benzoic acid ethyl
S ester
N
\/O <\ j
N
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TABLE 2-continued

LC-MS
LC-MS retention
Exact M+ H]* time
Structure Name mass (m/z) (min)

o}

=z

2-(1-Imidazol-1-yl- 293.15 2945 1.25
propyl)-5-(2-
methoxy-phenyl)-

AN N/} pyridine
\—

5-(3-Fluoro-phenyl)-  267.12  268.0 2.10
2-(1-imidazol-1-yl-

F | N /X ethyl)-pyridine
\ N |§

N 5-[5-(1-Imidazol-1- 286.09 287.1 1.43
| \ yl-ethyl)-thiazol-2-
yl]-2-methoxy-
AN S X pyridine
N
5-[5-(1-Imidazol-1- 286.09 287.1 0.97
| \ yl-propyl)-thiazol-2-
yl]-1H-pyridin-2-one
S
<Nj
N
N 4-[5-(1-Imidazol-1- 285.09 286.0 0.92
\ yl-propyl)-thiazol-2-
| yl]-phenol
S <Nj
N

2-(1-Imidazol-1-yl-1-  293.15 226.3* 1.44
methyl-ethyl)-5-(4-

= N methoxy-phenyl)-
| \ pyridine
N |\

/
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LC-MS
LC-MS retention
Exact M+ H]* time
Ex. Structure Name mass (m/z) (min)

62 2-(1-Imidazol-1-yl-3-  321.18 255.4* 1.86
methyl-butyl)-5-(4-
methoxy-phenyl)-

pyridine

= | N /X

\ N |§N

\O
63 N 5-[5-(1-Imidazol-1- 272.07 205.3*% 0.61
| \ yl-ethyl)-thiazol-2-
yl]-1H-pyridin-2-one
Z 8

y J

H N
64 N-{4-[6-(1-Imidazol-  306.15 307.4 1.16
1-yl-ethyl)-pyridin-3-
yl]-phenyl}-
Z | N /B acetamide
N |\
0 \ N
I
H

65 N 4-[5-(1-Imidazol-1- 299.07  300.0 0.75
| \ yl-ethyl)-thiazol-2-
yl]-benzoic acid
S

N
. .
N
e}
66 2-(1-(1H-imidazol-1-  279.14  280.2 2.76
7 | yhethyl)-3-(4-
methoxyphenyl)-
N N pyridine
O 0
<
N
* m/z for [M — imidazole]*, rather than [M + H]*.
Examples 67-70 a) 4-(5-(1-(1H-imidazol-1-yl)ethyl)thiazol-2-y1)-1H-

s pyrrole-2-carbonitrile
The following compounds are prepared using the proce-
dures discussed in Schemes 1-7 and Examples 1-66 noted

above:
N \ N \
| 60 |
S

T T

N// 65 N//



—_

W

US 9,199,975 B2

113
b) 4-(5-(1-(1H-imidazol-1-yl)propyl)thiazol-2-yl)-
1H-pyrrole-2-carbonitrile

Vi

¢) 4-(5-(1-(1H-imidazol-1-yl)ethyl)-1,3,4-thiadiazol-
2-yl)-1H-pyrrole-2-carbonitrile

B
o™ 8
N//

d) 4-(5-(1-(1H-imidazol-1-yl)propyl)-1,3,4-thiadia-
70l-2-y1)-1H-pyrrole-2-carbonitrile

Example 71
CYP17 Inhibition Assay in Rat Testicular
Microsomes (Rat CYP17) or Yeast Microsome
Overexpressing Human CYP17

A. Materials

.NADPH (Sigma): A working stock was prepared by adding

25 L of 6.5 mM NADPH in each tube. The final concen-
tration of NADPH used in the assay was 325 uM.

. Potassium Phosphate Buffer: One molar (1M) solutions of

K,HPO, and KH,PO, were prepared. Eight m[ ofthe 1 M
KH,PO, and 1.98 mL ofthe 1 M K,HPO, were combined
and the pH was adjusted to 7.4.

. H,-17a-hydroxypregnenolone (American Radiolabeled

Chemicals, Inc., stock 1 pCi/uL): A 1:1 dilution of *H,-
17a-hydroxypregnenolone in ethanol was prepared by
combining 100 pl. *H,-17c-hydroxypregnenolone+100
uL ethanol for one complete 96 well plate. For the reaction,
2 pL of the diluted *H,-17a-hydroxypregnenolone was
added in each tube, i.e., 1 pCi/reaction.

Microsome Isolation Buffer: The microsome isolation
buffer was prepared by combining 250 mM Sucrose, 5 mM
EDTA, 10 mM Tris HCI, 4 mM DTT, and adjusting to pH
7.4.

. TEG Buffer: The TEG buffer was prepared by combining

50 mM Tris HCI, 1 mM EDTA, and 20% Glycerol.

. Rat Testicular Microsomes: Rat testis tissue was collected

and disrupted with 30 strokes ofa glass homogenizeron ice
with 250 pL. of microsome isolation buffer, followed by
centrifugation at 10,000 g for 10 minutes at 4° C. The

w
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supernatant was collected and centrifuged at 100,000 g for

45 minutes at 4° C. The pellet was dissolved in TEG Buffer

and the protein was quantified. The homogenized

microsome samples were then frozen at -80° C.

7. Yeast Microsomes which overexpress the human CYP17
enzyme were obtained from Premas Biotech, India.

B. Procedure

Potassium phosphate buffer (470 pl.) was prepared as
described above and was added to each well of a deep well
plate. The test compound was diluted using a TECAN liquid
handler and 5 pL. of diluted compound was transferred to each
well (96 deep well/l mL). A solution (25 pL) of 6.5 mM
NADPH was added (final concentration of 325 M in the
assay). *H,-17a-hydroxypregnenolone (2 ul. of the working
stock) was added to each tube. The plates were then pre-
incubated for 15 minutes at 37° C. Following the pre-incuba-
tion, either 5 pl rat testicular microsomes (150-160 pg) or 5
pl of yeast microsomes expressing human CYP17 (1.7
pmol), was added. Incubation was at 37° C. for 60 minutes in
the presence of oxygen. The plates were then placed in ice and
chloroform (500 ul.) was added, mixed well and incubated at
4° C. for 20 minutes. The plates were then centrifuged at 1000
rpm for 15 minutes at 4° C.

A portion (300 puL) of the aqueous solution was collected
and mixed with a 5% aqueous suspension of activated char-
coal (300 pL). The plates were then incubated at 4° C. for 30
minutes, after which the plates were centrifuged at 1000 rpm
for 15 minutes at 4° C. From this, 125 pl. of the aqueous
solution was collected and plated into a 96 well plate. Micros-
cint™ 40 [125 pL, Perkin-Elmer; containing a mixture of a
polymer based on alkylphenolethoxylate (20-40%), dietha-
nolamine-phosphoric acid ester ammonium salt (10-20%),
sodium dioctyl sulphosuccinate (2.5-10%), triethyl phos-
phate (2.5-10%), 3,6-dimethyl-4-octyne-3,6-diol (=2.5%), a
polymer based on nonylphenolethoxylate (=2.5%), diisopro-
pyl naphthalene isomers (40-60%), 2.5-diphenyloxazole
(=2.5%), and 9,10-dimethylanthracene] was added and
mixed well. After 30 minutes of incubation, the samples were
analyzed with a MicroBeta® Trilux microplate liquid scintil-
lation counter and luminometer (Perkin-Elmer).

Compounds of Formula (I) caused inhibition of rat
microsomal CYP17 and recombinant human CYP17 enzyme
activity as determined by these assays. Data are listed in Table
3.

Example 72
Cell-Based Human CYP17 Inhibition Assay

A. Materials

. H295R Adrenocortical Carcinoma Cells and Growth
Media: The media for the H295R Adrenocortical carci-
noma cells [NCI-H295A, ATCC Number CRL-2128,
American Type Culture Collection, Manassas, Va., US|
(500 mL) was a DMEM:F12 Mix 1:1 with 5% (2 mL) BD
Nu Serum; 1% (5 mL) ITS+Premix [BD Biosciences] and
1% Penstrep.

2. LNCap-CYP17 Cells and Growth Media: Full length
hCYP17al gene (NCBI Reference Sequence:
NM_000102.3) was cloned in pCDNA3.1(+) vector
between HindIII and Xhol site. The pCDNA3.1(+) vector
contains the Neomycin resistance gene and was used for
selection of stable cell line. The hCYP17al containing
pCDNA3.1(+) was transfected into LNCap cells to create
the LNCap-CYP17 cell line. The media for the LNCaP-
CYP17 cells was RPMI 1640, 10% FBS, 1% PenStrep,
Geneticin 400 ng/ml..

—_
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B. Procedure

The H295R cells or LNCaP-hCYP17 cells were subcul-
tured and 30,000 cells per well were seeded in a poly-d lysine
plate and incubated overnight at 37° C. The next day the
media was removed and 200 L of fresh media with *H,-17c-
hydroxy-pregnenolone (1:1000) was added. 50 uL. of serially
diluted compounds from a 5x plate (5 times the final desired
concentration) was added. The working concentration range
for active, new compounds started from a high concentration
of 10 M with 3-fold serial dilutions generating up to 10
concentrations. The serial dilution in the 100x plate (in
DMSO) and the stamping of a 5x plate (in media) from the
100x plate were carried out using a TECAN liquid handling
device.

The plates were incubated overnight (16 hours) at 37° C.
After 16 hours, the media was removed (approximately 220
uL) and an equal amount of chloroform was added, mixed and
incubated for 30 minutes at 4 degrees. The plate was centri-
fuged at 4000 rpm for 15 minutes at 4° C., following which
the top aqueous layer was carefully removed and added into a
new deep well plate. An equal volume of activated 5% char-
coal was added, mixed and incubated for 30 minutes at 4° C.
The plate was then centrifuged at 4000 rpm for 15 minutes at
4° C. and the top layer carefully separated, avoiding any
charcoal contamination, and placed in a white, clear bottom
plate (plate cat #3610, Corning Life Sciences). An equal
volume of Microscint™ 40 was added and mixed well. Fol-
lowing the incubation for 30 minutes, readings for the
radiotracer were taken using a Microbeta® trilux.

Compounds of Formula (I) caused inhibition of human
CYP17 enzyme activity as determined by these cell assays.
Data are listed in Table 3.

Example 73

Cell-based Functional Assay for Testosterone
Production

H295R cells (ATCC Number CRL-2128) were subcul-
tured, seeded (30,000 cells per well in a poly-d lysine plate)
and left overnight at 37° C. The next day (after approximately
24 hours), the media were removed and 200 plL fresh media
were added. Then, 50 L of serially diluted compounds was
added from a 5x plate. The serial dilution in the 100x plate (in
DMSO) and the stamping of a 5x plate (in media) from the
100x plate were carried out using a TECAN liquid handling
device. The plate was incubated at 37° C. for 72 hours. After
incubation, the media was removed, diluted 5 to 10 times with
calibration diluent RD5-48, and the assay performed as per
manufacturer’s protocol (Parameter Testosterone Assay, Cat.
No. KGEO010, R&D systems; http://www.rndsystems.com/
pdf/KGE010.pdo).

Compounds of Formula (I) caused inhibition of testoster-
one production in H295R cells as determined by this assay.
Data are listed in Table 3.

Example 74
In Vivo Inhibition of Testosterone Production

Male rats aged 8 to 10 weeks old are dosed orally with
compounds at 10 or 30 mg/kg. Blood samples are drawn at
0.5, 3, 8, and 24 h, and are processed to plasma samples.
Samples are analyzed for compound levels by LC-MS/MS
method and for testosterone levels with an ELISA performed
as per manufacturer’s protocol (Parameter Testosterone
Assay, Cat. No. KGE010, R&D systems; http://www.rndsys-
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tems.com/pdf/KGE010.pdf). The serum testosterone level is
calculated from standards using GraphPad Prism software
and % inhibition at a given time is calculated by comparing
the testosterone level in vehicle control animals at the same
time of day.

Compounds of Formula (I) decrease serum testosterone
levels as determined by this assay protocol.

Example 75

In Vivo Reduction of Prostate and Seminal Vesicle
Weights

Male rats aged 8 to 10 weeks old (5 animals per group) are
dosed orally with compounds once or twice a day at 12-hour
intervals for 14 days. On day 14 the animals are euthanized
and organs are surgically removed for wet weight determina-
tion including the prostate, seminal vesicles and testes. Com-
pounds of Formula (I) decrease prostate and seminal vesicle
weights as determined by this assay protocol.

TABLE 3

CYP17
(human
H295R
adrenal
cells)

Testosterone
(human
H295R
adrenal

cells)

CYP17 CYP17
(rat (human,
testicular yeast

microsomes) microsomes)

CYP17

(human

LNCap-
CYP17 cells)

[es]
b
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TABLE 3-continued
CYP17 Testosterone
CYP17 CYP17 (human CYP17 (human
(rat (human, H295R (human H295R
testicular yeast adrenal LNCap- adrenal
Ex. microsomes) microsomes) cells) CYP17 cells) cells)
49 A B A B
50 A A A
51 A B
52 A B
53 A B
54 A C
55 A B
56 A C B C
57 A B
58 B B
59 B C
60 B C B C
61 B B
62 B B
63 C C
64 C C
65 C C
66 B A

Activities (nM): A: ICsq < 50; B: ICsq = 50-200; C: ICsg = 201-10000.

All publications cited in this specification and priority
applications, including U.S. Provisional Patent Application
No. 61/541,634 and International Patent Application No.
PCT/US2012/57908, are incorporated herein by reference.
While the invention has been described with reference to
particular embodiments, it will be appreciated that modifica-
tions can be made without departing from the spirit of the
invention. Such modifications are intended to fall within the
scope of the appended claims.

What is claimed is:
1. A compound of formula (I) having the structure:

R! R?

wherein:

A is optionally substituted phenyl, or pyridine, -2-pyri-
done, furan, or pyrazole, substituted on the ring car-
bon atoms with 0 to 2 groups independently selected
from CH;, CH;O, CFj, F, Cl, and CN; and substituted
on the nitrogen atom in 2-pyridone and pyrazole with
Hor C, to C, alkyl;

B is selected from the group consisting of

,JJ"J\ S ’ S ’ d ’
,JJ‘/OHJJ | ﬁ | r/f@-\’\‘/, .
~ N \N \N
N N\
S
R' is H or optionally substituted C, to Cy alkyl; and

R? is optionally substituted C, to C alkyl;
or a pharmaceutically acceptable salt thereof.

118
2. The compound according to claim 1, wherein A is of the
structure:
5 R}
R4
10 RS R7
R6

wherein:

15 R?,R* R° R%and R’ are, independently, selected from the

group consisting of H, halogen, OH, CN, optionally
substituted C, to C alkyl, C, to C alkoxy, amino, (C, to
C, alky)>NH—, (C, to C, alkyl),N—, HC H,NC
(0)—, (C, to C, alky])-NHC(O)—, (C, to C, alkyl),

20 NC(O)—, HC(O)NH—, (C, to C, alky])-C(O)NH—,
COOH, C, to C alkylsulfonyl and —C(O)O(C, to C,
alkyl);

with the proviso that 3, 4 or 5 of R*>, R*, R®>, R® and R” are
hydrogen.

25

3. The compound according to claim 2, wherein R®, R*, R>,
R®and R” are independently selected from H, OH, F, CI, CN,
C, to C, alkyl, C, to C, alkoxy, amino, methylamino, dim-
ethylamino, H,NC(O)—, CH,NHC(O)—, (CH;),NC(O)—,
HC(O)NH—, CH;C(O)NH—, COOH, methyl-sulfonyl and
—C(0)O(C, to C, alkyl);

with the proviso that 3, 4 or 5 of R*>, R*, R®>, R® and R” are

hydrogen.

4. The compound according to claim 3, wherein R* is H, or
C, to C, alkyl; and R? is C, to C, alkyl.

5. The compound according to claim 3, wherein R' is H, or
C, to C, alkyl; R* is C, to C, alkyl; and B is

30

35

40 s
N
O~ D |
S > S > or \ N .
45 . . . .
6. The compound according to claim 1, wherein A is:
Z > F ,or [ .
50 | | o/
x x
N CH;0 N
s 7. The compound according to claim 1, wherein A is 2-py-

ridone or pyrazole and is substituted on the nitrogen atom
with H or C, to C, alkyl.

8. The compound according to claim 1, wherein A is:

60
(6] N (6] N (6] N
| H
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-continued
N=" N="
Il\]:/>\/v\r , or I_ﬁl\]:}uwr .

cuy”

9. The compound according to claim 1, wherein:
R'is Hor C, to C, alkyl;
R?is C, to C, alkyl; and

Bis

10. The compound according to claim 1, wherein B is

N Z
IO O SO

11. The compound according to claim 1, wherein R is H,
or C, to C, alkyl; and R is C, to C, alkyl.
12. The compound according to claim 1, which is:
2-(3-Fluoro-phenyl)-5-(1-imidazol-1-yl-propyl)-thiazole;
5-(1-Imidazol-1-yl-propyl)-2-(1-methyl-1H-pyrazol-4-
yD)-thiazole;
1-{1-[5-(4-Methoxy-phenyl)-thiophen-2-y1]-propyl } -1 H-
imidazole;
4-[5-(1-Imidazol-1-yl-propyl)-thiophen-2-yl1]-phenol;
4-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-benzoic acid
ethyl ester;
4-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-benzoic acid;
2-(1-Imidazol-1-yl-propyl)-5-(3-methoxy-phenyl)-pyri-
dine;
3-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-phenol;
4-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-N-methyl-
benzamide;
4-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-benzamide;
2-(1-Imidazol-1-yl-propyl)-5-(4-methoxymethoxym-
ethyl-phenyl)-pyridine;
5-(4-Fluoro-phenyl)-2-(1-imidazol-1-yl-ethyl)-pyridine;
2-[1-(2,3-Dihydro-imidazol-1-yl)-ethyl]-5-furan-3-yl-py-
ridine;
4-[6-(1-Imidazol-1-yl-ethyl)-pyridin-3-yl]-phenylamine;
2-(1-Imidazol-1-yl-ethyl)-5-(4-methoxy-phenyl)-pyri-
dine;
4-[6-(1-Imidazol-1-yl-ethyl)-pyridin-3-yl]-phenol;
4-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-benzonitrile;
2-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-benzonitrile;
2-(4-Fluoro-phenyl)-5-(1-imidazol-1-yl-propyl)-[1,3,4]
thiadiazole;
5-[5-(1-Imidazol-1-yl-ethyl)-thiophen-2-yl1]-1-methyl-
1H-pyridin-2-one;
5-[5-(1-Imidazol-1-yl-ethyl)-thiophen-2-yl1]-1-isopropyl-
1H-pyridin-2-one;
4-(5-(1-(1H-imidazol-1-yl)ethyl)thiazol-2-yl)benzoni-
trile;
4-(5-(1-(1H-imidazol-1-y1)-3-methylbutyl)-thiophen-2-
yDphenol;
1-(2-(5-(4-methoxyphenyl)-thiophen-2-yl)-propan-2-yl)-
1H-imidazole;
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5-[5-(1-Imidazol-1-yl-ethyl)-thiophen-2-y1]-2-methoxy-
pyridine;
4-[5-(1-Imidazol-1-yl-1-methyl-ethyl)-thiophen-2-yl]-
phenol;
1-{1-[5-(4-Methoxy-phenyl)-furan-2-yl]-propyl } -1 H-
imidazole;
2-(2,4-Difluoro-phenyl)-5-(1-imidazol-1-yl-ethyl)-thiaz-
ole;
5-(4-Fluoro-phenyl)-2-(1-imidazol-1-yl-propyl)-pyri-
dine;
4-[5-(1-Imidazol-1-yl-propyl)-furan-2-yl]-phenol;
{4-[5-(1-Imidazol-1-yl-propyl)-thiazol-2-y1]-phenyl} -
carbamic acid tert-butyl ester;
2-(2,4-Difluoro-phenyl)-5-(1-imidazol-1-yl-propyl)-thia-
zole;
2-(4-Fluoro-phenyl)-5-(1-imidazol-1-yl-propyl)-thiazole;
5-(4-Fluoro-phenyl)-2-(1-imidazol-1-yl-ethyl)-pyridine;
5-(1-Imidazol-1-yl-propyl)-2-(4-methoxy-phenyl)-thiaz-
ole;
1-{1-[5-(4-Methoxy-phenyl)-thiophen-2-yl]-ethyl}-1H-
imidazole;
2-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-phenol;
2-(1-Imidazol-1-yl-propyl)-6-(4-methoxy-phenyl)-pyri-
dine
1-{1-[5-(4-Methoxy-phenyl)-thiophen-2-yl]-3-methyl-
butyl}-1H-imidazole;
5-(2-Fluoro-phenyl)-2-(1-imidazol-1-yl-ethyl)-pyridine;
{4-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-phenyl} -
methanol;
2-(1-Imidazol-1-yl-ethyl)-6-(4-methoxy-phenyl)-pyri-
dine;
N-{4-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-phenyl} -
acetamide;
5-(1-Imidazol-1-yl-propyl)-2-(1H-pyrazol-4-yl)-thiazole;
5-(3-Fluoro-phenyl)-2-(1-imidazol-1-yl-propyl)-pyri-
dine;
2-(2-Ethyl-4-fluoro-phenyl)-5-(1-imidazol-1-yl-propyl)-
thiazole;
2-(1-Imidazol-1-yl-propyl)-5-(4-methoxy-phenyl)-pyri-
dine;
5-(2-Fluoro-phenyl)-2-(1-imidazol-1-yl-propyl)-pyri-
dine;
4-[5-(1-Imidazol-1-yl-ethyl)-thiophen-2-yl]-phenol;
4-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-phenol;
5-[5-(1-Imidazol-1-yl-propyl)-thiazol-2-yl]-2-methoxy-
pyridine;
4-[6-(1-Imidazol-1-yl-1-methyl-ethyl)-pyridin-3-y1]-phe-
nol;
3-[6-(1-Imidazol-1-yl-propyl)-pyridin-3-yl]-benzonitrile;
2-(4-Fluoro-phenyl)-5-(1-imidazol-1-yl-ethyl)-pyridine;
4-[5-(1-Imidazol-1-yl-ethyl)-thiazol-2-yl]-benzoic  acid
ethyl ester;
2-(1-Imidazol-1-yl-propyl)-5-(2-methoxy-phenyl)-pyri-
dine;
5-(3-Fluoro-phenyl)-2-(1-imidazol-1-yl-ethyl)-pyridine;
5-[5-(1-Imidazol-1-yl-ethyl)-thiazol-2-y1]-2-methoxy-py-
ridine;
5-[5-(1-Imidazol-1-yl-propyl)-thiazol-2-yl]-1H-pyridin-
2-one;
4-[5-(1-Imidazol-1-yl-propyl)-thiazol-2-yl]-phenol;
2-(1-Imidazol-1-yl-1-methyl-ethyl)-5-(4-methoxy-phe-
nyl)-pyridine;
2-(1-Imidazol-1-yl-3-methyl-butyl)-5-(4-methoxy-phe-
nyl)-pyridine;
5-[5-(1-Imidazol-1-yl-ethyl)-thiazol-2-y1]-1H-pyridin-2-

one;
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N-{4-[6-(1-Imidazol-1-yl-ethyl)-pyridin-3-yl]-phenyl} -

acetamide;
4-[5-(1-Imidazol-1-yl-ethyl)-thiazol-2-y1]-benzoic acid,
4-(5-(1-(1H-imidazol-1-yl)ethyl)thiazol-2-y1)-1H-pyr-
role-2-carbonitrile;
4-(5-(1-(1H-imidazol-1-yl)propyl)thiazol-2-yl)-1H-pyr-
role-2-carbonitrile;
4-(5-(1-(1H-imidazol-1-yl)ethyl)-1,3,4-thiadiazol-2-y1)-
1H-pyrrole-2-carbonitrile;
4-(5-(1-(1H-imidazol-1-yl)propyl)-1,3,4-thiadiazol-2-y1)-
1H-pyrrole-2-carbonitrile; or
2-(1-(1H-imidazol-1-yl)ethyl)-3-(4-methoxyphenyl)pyri-
dine.

13. A pharmaceutical composition comprising a com-
pound according to claim 1 and a pharmaceutically accept-
able carrier.

14. A kit comprising a compound according to claim 1.

15. A method for regulating CYP17, said method compris-
ing administering a therapeutically effective amount of a
compound of claim 1 to a patient in need thereof.

16. The method according to claim 15, wherein said regu-
lation comprises inhibition of CYP17 activity.

17. A method of treating prostate cancer in a patient, said
method comprising administering a compound of claim 1 to
said patient.

18. A method of reducing testosterone production in a
patient, comprising administering a compound of claim 1 to
said patient.
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